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Introduction

ontracting—an integral part of the logistics process and

a formal subdiscipline within the logistics umbrella—is

undergoing substantial philosophical and procedural
changes. Table 1 on page 4 summarizes the continuing
movement from what might be called classical contracting to
New-Age Contracting.'

In classical contracting, the buying | =
organization secks the minimum -]
contract price from a wide field of snaclal
contractors based upon the
competitive bid process. Contracts
are typically fixed-price and the Faat“rn
parties pereeive each other as having
competing objectives. In New-Age
Contracting. world-elass eontractors with
lecading-edge technologies are important partners to the buying
organization. New-Age Contractors assist in defining
requirements—collaboration is essential. and long-term
relationships are important. Contract terms are negotiated and
incentives to motivate performance and allocate risk are typically
incorporated.’

This article considers various types ol incentives that can be
introduced into contracts, presents both a mathematical and
graphic presentation of various types of incentive contracts, and
demonstrates how incentive contracts not only guide contractor
performance to the advantage of the buying organization but also
allocates risk between the parties.

Key Decisions in Procurement

The critical decisions in procurement are as follows

The nature of the specifications
Contractor sclection

Price

Contract type

How to manage contractor performance

Classical contracting focuses primarily on the first three
critical decisions. New-Age Contracting. on the other hand, adds
emphasis to improving performance with collaborative buyer-
contractor relationships and to contract type. Judicious attention
to contract type will appropriately allocate risk between the
buying organization and the contractor and will motivate
performance.

The Issue of Risk in Contracts
Contract risk is of four types.

* Failure to perform
¢ Cost
¢ Technical
* Schedute
Failure to perform means the chosen contractor 1s not capable

ol meeting his contractual obligation. Cost risk is defined as
uncertainty in final costs to the contractor and uncertainty in [inal
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In classical contracting, the buying
organization seeks the minimum
contract price from a wide field of
contractors based upon the
competitive bid process. In New-
Age Contracting, world-class
contractors with leading-edge
technologies are important partners
to the buying organization. New-
Age Contractors assist in defining
requirements.

In “Incentive Contracts—Motivating Performance
and Allocating Risk,” Dr Stephen Hays Russell of
Weber State University examines the various
types of incentives that can be introduced into
contracts, presents both a mathematical and
graphic presentation of various types of incentive
contracts, and demonstrates how incentive
contracts not only guide contractor performance

financial obligation of the buying organization. Technical risk
relates to quality issues and compliance with the technical
specifications of the contract. Schedule risk is whether the
delivcrables of the contract will meet the required contract time
schedule.

Failure to perform is not a significant risk issue when
financially stable contractors with solid performance histories
are selected. The formidable risk challenges in contracting relate
to cost, technical, and schedule issues.

Contract Type and Cost-Risk Allocation

A fixed-price contract allocates all cost risk to the contractor.
Regardless of what his actual costs turn out to be, the contractor
is obligated to perform the requirements of the contract and will
be paid only the fixed contract price. Obviously, the contractor
has an incentive to control costs because of the dollar-for-dollar
inverse relationship betwcen cost and profit to him.

At the other extremc, a straight cost-reimbursable contract
allocates all cost risk to the buying organization. The contractor
has no incentive to control costs because he or she gets
reimbursed dollar for dollar by his or her customer.

Incorporating Incentives into Contracts

Incentives in contracts will not only motivate performance and
award achievement, but incentives also allocate risk between the
parties. The important role incentive contracts play in New-Age
Contracting was highlighted in a 2007 Office of Management
and Budget memorandum, wherein chief acquisition officers
throughout the federal government were admonished to give
increased attention to the judicious employment of incentive
contracts.’

Most incentive contracts focus on cost inasmuch as cost is
often the biggest element of risk in contracting. Contractors by
nature arc risk averse. if a contractual effort involves substantial
uncertainty in costs to be incurred (because of technology
challenges or uncertain material prices, for example), eontractors

will not agree to a fixcd-price

Classical Contracting

New-Age Contracting contract (with all cost risk on

Contract objective

Compliance at minimum price

Value with emphasis on
performance and service

Supplier base

Huge

Circumscribed to world-class
contractors

Relationships

Arms length; adversarial

Integrative

Trust Tentative, personal Trusted partners

Bless WeH ol Source Resource

contractor

Specifications Imposed Jointly developed with contractor

input

Loyalty to contractor

Price chasing; frequent
contractor switching

Earned loyalty; long-term
contracts

Legal approach

Highly legalistic

Adaptive to mutual satisfaction

Pricing and award

Emphasis on competitive bidding

Emphasis on proposal and

mechanism negotiation
i - Performance-based
Service contracts Detailed statements-of-work sgeeilisabions

Conflict resolution

Heavy-handed blame
assignment; punitive remedies

Contractor-buyer collaborative
resolution; emphasis on the
continuing relationship

Contract type

Extensive employment of fixed-
price contracts

Growing use of incentive
contracts

Table 1. Characteristics of New-Age Contracting Compared to Classical Contracting

them). As explained in the
section that follows, an incentive
contract on cost will allocate
the risk betwceen the parties and
at the same time motivate the
contractor to control costs. The
literature defines the two general
categories of cost-incentive
contracts as linear and piece-
wise linear contracts.**

Linear Risk-Sharing
Contracts on Cost

Linear risk-sharing contracts
on cost set lorth a target cost, a
target profit, and a eontractor
cost-share rate. The share rate,
between zero and one, sets the
fraction of the differcnce
between target cost and actual
cost incurred by the contractor
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which is absorbed by the contractor (via decreases or increases in
profit). with the balance being absorbed by the buying
organization.

Consider Figure 1 on page 6. Cost is plotted on the horizontal
axis. Price (the sum of cost plus profit) is plotted on the vertical
axis. II' actual cost turns out to be the target cost (C,). then actual
price will be the targcet pricc (denoted by 7 + C, wherc 7 is target
profitand C_ is target cost). The slope of the diagonal line reflects
cost sharing between the contractor and the buying organization
when actual cost deviatcs from target cost. Assume, for example,
that the contractor sharc rate (symbolized by b) i1s .25 (meaning
that for each dollar of cost overrun the contractor absorbs $0.25 by
way of reduced prolit and the buying organization picks up $0.75
in the form of a higher final price). Then the slopc of the diagonal
line in Figure 1 is | - b, or .75.

A numeric example will illustrate both the allocation of risk and
the incentive to control costs in this typc of contract. Assume target
cost (C,) is $1,000, target price (1, + C,) is $1,100 (the sum of target
cost of $1,000 and target profit of $100). If actual cost turns out to
be right on target ($1.000). the buyer-firm pays the contractor the
target price ($1.000 for cost and $100 for profit, or $1,100). Instcad.
if actual cost is $1.200 (refiecting a $200 overrun and depicted as
point C, in Figure I, thc buyer-firm pays the contractor the target
price ($1.100) plus just .75 of the $200 overrun for an actual price
of $1,250. The $50 of the cost overrun not paid by the buyer-firm
(representing 25 percent of the overrun) becomes a profit penalty
to the contractor because his actual profit on this contract is $100
- $50 or $50.) These results are portrayed graphically in Figure |
with points C, and P,.

Mathematically, a linear risk-sharing contract is shown as
lollows.

Pi=nrnr+Cy+ bCr-Cy
where

P4 = actual price (final contract price; what the buying

organization pays in total)
C A = actual contractor cost for the contract effort
mr = target profit (a negotiated value)
b = contractor cost-share rate, a negotiated value (0<b < |)

Cr = target cost (a negotiated valuc)

Equation 1

In words, Equation 1 states that the actual final price of the
contract is the target profit plus the actual cost, but adjusted by the
contractor’s share of the overrun or underrun. Note in the equation
I and in Figurc | that il C, equals C, (that is, if the contractor
performs right on target cost), actual price cquals target price at
point w + C..

Equation 1 can be rearranged:

Py=nr+bCr+ (1-b)Cy

Equation 2

Volume XXXV. Numbers 1 and 2

to the advantage of the buying organization but
also allocate risk between the parties. He
concludes with the following five points.

* Incentive contracts both motivate performance
and allocate risk.

* Incentives can be applied to the three
substantial risk areas in contracting: cost,
technical, and schedule performance.

* Incentive contracts on cost are either linear or
piece-wise linear. The predominant contracts
of this category in the Department of Defense
are Cost-Plus-Incentive-Fee contracts and
Fixed-Price-Incentive Contracts. Risk is
allocated by setting a contractor share ratio for
cost overruns and cost underruns. These
contracts typically have upper limits in sharing
provisions.

* Incentive contracts for technical or schedule
performance are objective (formula-type)
contracts. For these contracts, performance
measurement is quantifiable. When
achievement in a performance area is not
amenable to specific quantitative
measurement, subjective (award-fee)
contracts are employed.

» Incentive contracts require a substantial
investment of time in administering. However,
these contracts are cost-effective promoters of
improved cost, technical, and delivery
outcomes in all situations where risk is
substantial or where risk and cost-benefit
analyses demonstrate a clear advantage to an
incentive contract.

Article Acronyms

CPIF - Cost-Plus-Incentive-Fee
FPI - Fixed-Price-Incentive
PEB - Performance Evaluation Board




In this form, aetual priee is seen as a lumpsumanda ! - b
share of actual eost. This relationship is depieted graphically in
Figure 1 inasmuch as Equation 2 is the equation for the diagonal
line. The slope of the aetual priee equation is 1 - b, which is the
buying organization’s eost-share rate.

Also note in Figure | that before a eontraetor begins incurring
eosts in a linear risk-sharing eontraet on eost, he theoretically
has a 7+ bC, amount of profit (all priee is profit when eosts are
zero). As effort on the eontraet is exeeuted and eosts are ineurted
(illustrated in Figure 1 by rightward movement along the
diagonal line), priee increases less than cost: henee, profits fall.

The incentive to control cost is obvious. In this example, for
every dollar actual eosts are below target eost, the contraetor
keeps $0.25 of the underrun as ineentive profit in addition to
the target profit. For every dollar actual eosts are above target

costs, the contractor loses $0.25 of the target profit.

The allocation of eost risk is aceomplished by setting b. The
higher the contraetor share rate, the greater the risk on the
contraetor.

Piece-Wise Linear Risk-Sharing Contracts on Cost
Piece-wise linear eontraets are preeisely the linear risk-sharing
contraets on eost diseussed previously but with upper and lower
boundaries on the risk-sharing. Pieee-wise linear eontraets are
sueh beeause eontraet provisions inelude profit ceilings and
floors, or priee ceilings, whieh eause the diagonal sharing line
in Figure | to kink.

Two pieee-wise linear risk-sharing contracts heavily
employed in the defense industry are reviewed below,

Cost-Plus-Incentive-Fee (CPIF) Contracts. If the risk-sharing
contraet specifies upper and lower limits on risk-sharing. a piece-

wise linear eontraet is defined

Price

Target Price

1 +Ct

T+ bCT

B [resmesms s oo it

Target
+— Cost

(see Figure 2). Between cost
levels C, and C, we have a
standard linear risk-sharing
contract with a contraetor cost
share of b and a slope of 1 - b.
Actual costs above C| reduce
eontractor profit; actual eosts
below C_ reward the contraetor
with increased profit (as
previously presented with Figure
). But in Figure 2 this risk-
sharing arrangement ends at the
kinks on the line at cost levels C,|
and C,.°

To the left of C,,» the slope of
the diagonal sharing line

€

stecpens to 1.0, meaning the
contractor share rate (b) goes to
zero. Every additional dollar of

C, Cost

Figure 1. Linear Risk-Sharing Contract on Cost

eost underrun to the left of C
goes to the buying organization

Price

in the form of reduced price. This
means that by eontraet provision
contractor profit is maximized at
(&2

Similarly. the slope of the

Slope =1.0:b=0

!

Slope=1-b

]
1
]
]
]
t
]
]
[}
]
]
1
]

Range of incentive effectiveness

diagonal share line steepens to
1.0 at C, as well. All eost risk
beyond this point is on the
buying organization (because
b—the eontraetor’s eost share—
is now zero with slope at 1.0).
The entire burden (risk) of more
cost overrun beyond this point
is on the buying organization
beeause, beyond C, every dollar
of cost increase is a dollar
inerease in priec paid by the

v

Co Cr

buying organization.
Aceordingly, the eost level C, is
the point where a minimum

Cp Cost

Figure 2. Cost-Plus-Incentive-Fee Contract

profit level is guaranteed to the
eontraetor.

Air Force Journal of Logistics



With these kinks in a CPIF contract, incentives apply and risk
is sharcd betwcen C and C,. All cost risk is born by the buying
organization outside of this range.’

Fixed-Price-Incentive (FPI) Contracts. The imposition of
minimum and maximum profit levels is not the only manncr in
which a lincar risk-sharing contract on cost becomes piece-wise
linear. If the buying organization places a ceiling on actual price
in a risk-sharing arrangcment, a kink is introduced.

This contract type is illustrated in Figure 3. In this diagram,
P is the ceiling price, the contractual maximum compensation
to be paid to the contractor, rcgardless of actual cost. Note that
cost-sharing ceases where the diagonal share line becomes
perfectly horizontal at the ceiling price. Mathematically, given
the negotiated target cost, target price, contractor sharc ratio, and
ceiling price, the level of actual cost that brings the contract to
the cciling price is given as follows.

technical performance is set. Deviations from the target in actual
achievement yield profit bonuses or penalties. Such a scheme
motivates performance and allocates some risk to the contractor
by putting his realized level of profit at nsk

Figure 4 illustrates this type of contract. Actual price is a
ncgotiated target price adjusted by penalty or bonus as actual
achievement deviates from the plan. In Figure 4, the slope of the
linc represents the penalty or bonus per unit of variance, For
cxample. units of favorable variance along the horizontal axis
to point V, would movc the actual price from the target price to
P . a price with bonus profit.

An examplc of this type of contract would be a highway
construction contract with a target price of $25M and a bonus
(penalty) for early (delayed) completion of $25K per day.

Cc= [P( = PT]/(I -b)+ Cq Price

where,

Cc¢ = the cetling cost
, nr+Cy
Pt = target price (ntr + Cr)

Equation 3

At point C_. in Figurc 3 risk-
sharing cecases and all cost risk i1s
now on the contractor (b is now 1.0).
Regardless of costs incurred beyond

T+ bCr

o g

Ceiling Price

Target
Cost

C.. the compensation to the

contractor is maximized (becomcs a

(6 C,

fixed price) at R
The cciling cost 1s sometimes
referred to as the point of total

Figure 3. Fixed-Price-Incentive (FPI) Contract

assumption because the contractor

absorbs dollar for dollar all costs
g e

beyond C..

Objective Risk-Sharing
Contracts on Technical or
Delivery Performance

Objective risk-sharing contracts on
technical or delivery performance
allocate risk by making at lcast a
portion of contractor profit a
function of contractor performance
in such arcas as logistics response
time (the average time betwcen
gencration of a rcquisition and
receipt of the material by the

Target Price

Actual
Price

Py

customer), inventory accuracy.
forecasting accuracy, complction
datc, defect rates. encrgy efficiency,
or mean time betwcen failure
achievement. In this type of contract,

0 V: Units of

Variance

a target price and a target
achievement lcvel for delivery or

Volume XXXV, Numbers 1 and 2

Figure 4. Objective Risk-Sharing Contract Where Actual Price Depends Upon Positive
or Negative Units of Variance from Target Objective



Subijective Risk-Sharing Contracts
Subjectivc risk-sharing contracts arc designed to reward
contractors for exceptional levels of achievement in arcas not
amenable to quantifiable or specilic mcasurement (such as valuce-
added scrvices, technical ingenuity, customer satisfaction with
services, and problem identification and resolution skills).
Evaluations in these areas are judgments by the buying
organization, and the earned compensation is called award fee.

These contracts (generally called visible hand or award fec
contracts) are always hybrid contracts in that an award fee
provision is always uscd in conjunction with either an underlying
lixed-price or cost-reimbursablc provision.'!

A contract with an award fee provision incorporates an award
fee pool, which is a dollar amount of award moncy that the
contractor can potentially earn over the course of the contract.
Typically the buying finm will convene a performance evaluation
board (PEB) quarterly or scmiannually to review contractor
performance in the areas spccified by the award fee plan of the
contract. The PEB makes a subjective judgment as to what
percentage of the award fec pool for this period should be awarded
the contractor.

Subjective risk-sharing contracts allow the buying organization
to change areas of emphasis for award fee in each evaluation
period. This way thc buying organization can more effectively
manage contractor effort by allowing new areas of evaluation to
evolve during the course of the contract.

The contractor shares in the risk of performancc because the
percentage of the fce pool awarded in each evaluation period is
tied directly to the buying organization’s evaluation of
contractor performance. Shortlalls in performance become
foregone award fee.

Conclusion

From performancc-based contracting for a multitude of services,
to award-fec provisions in system support contracts to cost-
incentive provisions in materiel contracts, the logistics
community is seetng increasing emphasis on incentive contracts.
This trend is part of a new sophistication in contracting which
can be described as New-Age Contracting.

This article demonstrates with mathematical exposition,
graphs, and narrative how incentive contracts both motivate
performance and allocate risk.

Incentives can be applied to the three substantial risk areas in
contracting: cost, technical, and schedule performancc.

Incentive contracts on cost are either linear or piece-wise
linear. The precdominant contracts of this category in the
Department of Defense arc CPIF contracts and FPI contracts. Risk
is allocated by setting a contractor share ratio for cost overruns
and cost underruns. These contracts typically have upper limits
in sharing provisions.

Incentive contracts for technical or schedule perforinance are
objcctive (formula-type) contracts. For these contracts,
performance measurement is quantifiable. When achievement in
a performance arca is not amenable to specific quantitative
measurcment, subjective (award-fee) contracts are employed.

Incentive contracts rcquire a substantial investment of time
in administering. However, these contracts are cost-effective
promoters of improved cost, technical, and delivery outcomes
in all situations whcre risk is substantial or where risk and cost-
benctit analyscs demonstrate a clcar advantage to an incentive
contract."
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The C-5 TNMCM Study Il proved to be a stem
test of AFLMA’s abilities and perseverance.
Considering the numerous potential factors
that impact TNMCM rates as well as the
C-5's historical challenges in the areas of
availability and achieving established
performance standards, the study team was

determined to apply new thinking to an old
problem. The research addressed areas of
concem including maintaining a historically
challenged aircraft, fleet restructuring,
shrinking resources, and the need for accurate
and useful metrics to drive desired enterprise

results. The team applied fresh perspectives,
ideas and transformational thinking. As a
result, the study team developed a new
detailed methodology to attack similar
research problems, formulated a new
personnel capacity equation that goes
beyond the traditional authorized versus
assigned method, and analyzed the overall
process of setting maintenance metric
standards. AFLMA also formed a strategic
partnership with the Office of Aerospace
Studies at Kirtland AFB in order to
accomplish an analysis of the return on
investment of previous C-5 modifications and
improvement initiatives. A series of articles
was produced that describes various portions
of the research and accompanying results
Those articles are consolidated in this book.

AFLMA

Generating Transformational
Solutions Today; Focusing the
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Introduction

he United States (US) is at a critical juncture in space

technology, and national security leaders should be

cautious. While the US has maintained space supremacy,

global competitors have begun to

| rapidly erode that leading edge.

¥ [ Global competitors include state and

nacla | nonstate actors, and they have the

capability to exploit the space

domain’s immense vulnerabilities.

aat"re Russia and China have clearly

demonstrated a direct kinetic kill anti-

satellite (ASAT) capability. In

addition, several other nations and nonstate actors are working

on active, effcctive ASAT offensive warfare capabilities.

Furthermore, the recent collision between a US and Russian

satellite highlights the increasing vulnerabilities seen in space.

| It is no secret that the US depends on the employment of land,

| sea, air, and cyber warfighting capabilities to defend the nation.

{ We arc equally dependent on the availability, reliability, and

| viability of US space assets. Therefore, space is vital to the

national security of the US today, as it will continue to be for

tomorrow. There are no viable altcrnatives to space systems, and

threats from global competitors are rcal. The nation must

overcomc its greatest challenges in space and capitalizc on
disruptive and emerging technologies before it is too late.

The greatest challenges the US faces today in the acquisition

and launch of additional advanced, hardened, and secure space

assets are as follows.

® Their massive cost coupled with their enormous weight
* The ability to provide lift
* Supply extended power

|
| ® Manage heat
|
|

Fortunately, the potential solutions are many and varicd. The
US can seek the following options.

* Reduce the cost of launch

* Improve spacecraft performance

* Decrease the cost of power consumption and increase
longevity

* Expand spacecraft functionality

* Decrease the cost of communications while expanding life
expectancies and currency

* Reduce spacecraft cost in dollars per kilogram for the function
and performance it provides

Alternately, the US can exponentially improve the spacecraft
function and performance so that thc spacecraft capabilities far
outweigh the cost. For this to occur, the US must renew its
commitment to the advanced research and development of new
technologies and restore its commitment to space.

This historic crossroads requires innovation, thinking out-of-
the-box, and focusing on the vast array of exponential
technological possibilities. Rapidly advancing technologies
with the ability to transform and revolutionize virtually ever

10 Air Force Journal of Logistics
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With the application of
nanotechnology-enabled space
systems, the US will have the ability
to retain its dominance in space and
sustain the viability of employing
space-enabled technology in
national defense.

The United States (US) is at a critical juncture in
space, and national security leaders should take
heed. Global competitors have begun to rapidly
erode the US’s lead in space supremacy. The
employment of US land, sea, air, and cyber
warfighting capabilities in the nation’s defense
are critically dependent today on the availability,
reliability, and viability of US space assets and
always will be. Henceforth, space is vital to the
nation’s security now and in the future.

The biggest challenges the US faces in the
acquisition and launch of additional secure,
advanced, and hardened space assets are their
massive cost coupled with their enormous weight,
the ability to provide lift, to supply extended power,
and to manage heat. This crossroad requires
innovation, thinking out-of-the-box, and a focus on
exponential technological possibilities.
Nanotechnology, a disruptive technology ripe for
exploitation, is an underlying technology that
makes other things possible. Itis the likely driving
force of the next industrial revolution.

The properties of nanotechnology-enabled
systems and materials are ideal for space. In the
near term, these space systems will have
significantly enhanced flexibility, robustness, and
performance capabilities with reduced costs. The
high payoffs include ultra small sensors,
communication and navigation, power sources,

12

industry. to include space, are ripc for exploitation. Genetics,
robotics, information technology. and nanotechnology are truly
transformative technologies with the potential to impact national
security both positively and ncgatively. The technological
advances predicted in the coming years are expected to
exponentially surpass the advances seen during the past century.
But of the four technologies mentioned here, nanotechnology
is the underlying technology that makes other things possible.
It is the key to future space viability and dominance.
Nanotechnology is research and technology development at the
1 to 100" nanometer (nm) scale; the creation and use of structures
that have novel properties because of their small size; and last,
the ability to control or manipulate at the atomic scale.
Nanotechnology may very well be the driving force of the next
industrial revolution.

The properties of nanotechnology-enabled materials are ideal
for space. As such, nanotechnology holds the key to transforming
the space domain, and is the major driving force in the expansion
of space capabilities. Over 60 nations have established
nanotechnology initiatives, and over 4,000 companies and
research institutes are working on nanotechnology developments
worldwide. In the near term, nanotechnology-enabled space
systems will have significantly enhanced flexibility, robustness,
performance capabilities, and eventual reductions in costs. The
high payoffs include ultra small sensors, communication and
navigation, power sources, and propulsion; dramatically reduced
cmissions, mass, volume, heat, and power and fuel consumption;
easily reconfigurable, autonomous systems; and single-chip
satellites with multiple capabilities. In the longer term,
nanotechnology-enabled systems will likely providc spacc
systems with 1,000 times the performance of today’s systcms;
weapon systems at the warfighters™ fingertips enabled by
nanotechnology; and carbon nanotube space clevators, among
others. Therc is no doubt that these rcvolutionary systems will
be enabled by nanotechnology, and will be employed in space.
Whether they will be routincly cmployed in space by the US or
by someone else is yet to be seen. The US must take decisive
action before the nation's security posture is irrevocably
wcakened. The development of the future frontier' has only just
begun.

This article briefly explores the importance of space today to
the US, and survcys its most obvious vulnerabilities. Second, it
examines the landscape of advancing technologies. focuses in
on the changer—nanotechnology—and its practical space
applications, and explores who the leading competitors are in
the realm of nanotechnology rescarch and development. Third,
this article envisions a future space enabled by nanotechnology
by exploring real near-term possibilities, surveying long-tcrm
predictions, and addressing the impact of nanotechnology-
enabled space on future US national sccurity. Four alternate
future scenarios are cxplored. At the conclusion, this article
contends that aggressive development of nanotechnology-
enabled space systems today has the potential to facilitate future
space viability and dominance in 2035 and beyond.

Space Today

The space age began over a half-century ago. Since then the world
witnessed the development of astounding technological

and propulsion; dramatica"y reduced emission, advancements in the space domain, and the enormous growth in
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the global spaee industry. In 2007 the overall worth of the
commercial, civilian, and military space industry reached nearly
$220B.* The global financial crisis. which began in October of
2008, remains today and will likely precipitate a short-tcrm
industry slowdown. However, because space has beeome an integral
part of the lives of so many around the world. the recent economic
downturn will likely have little effect on the long-term future of
space development.

Importance

The contributions of spacc-enabled technologies touch billions
of people cvery day in areas such as television broadcasting,
telephonc services, commercial aviation and shipping, train
transportation, police and fire emergency services, personal vehicle
navigation, finance and banking. produet tracking, agrieulture, and
so much more.* While important to our daily lives, space is critical
to the nation’s security and defense. Key federal agencies, such as
the Department of Homeland Sccurity and the Department of
Defense (DoD) depend on space assets as they protect the US, its
citizens, and American interests around the world.

The value of space or its importance to the US economy,
military, and overall security is lost on many Americans.
Furthermore, not everyone agrees with the asscrtions that space
power is critical to the US, that we are increasingly dependent on
space assets, and that the nation will become cven more vulnerable
if we do not retain dominance in space. The article “Spacepower:
A Strategic Assessment and Way Forward™” warns that **. . .spacepower
remains misundcrstood, underdeveloped and
underexploited...Spacepower offers the prospeet of tremcndous
benefits to humanity...Failure to understand the nature of
spacepower and how to wield it productively could lead to serious
miscalculations and tragic consequences.”™ Fortunately, some of
the nation’s best scientists, engineers, researchers, and leaders in
the public, private, and academic sectors arc working on 1ssues and
developments that will contribute to the ability of the US to avoid
future catastrophic consequences in space. But can more be donc?

A May 2003 report of the Defense Science Bourd and Air Force
Scientific Advisory Board Joint Task Force on Acquisition on
National Security Space Programs convcycd in its findings that
“US national security is critically depecndent upon space
capabilities and that dependence will continue to grow.”* The
report stated that our nation must continue to be able to monitor
worldwide activities. transfer massive amounts of data, and provide
global force projection. It added that the nation requircs “‘robust
space assets” to be able to meet these national requirements
effectively and that there is “no viable alternative to the unique
capabilitics that space systems provide.”™ In 2005, General James
E. Cartwright, commander of the US Strategic Command was the
DoD’s leader charged with overseeing US military global strategic
planning, including nuclear deterrence and space opcrations.
General Cartwright testificd to the Strategie Forces Subcommittee
of the Senate Armed Services Committee that US national security,
the economy, and the quality of our way of life “are all linked to
our freedom of action in space.” General Cartwright added that it
is vitally important to “protect our spiuce assets and our ability to
operate freely in—and from—space.”

The Defense Science Board, Air Foree Science Advisory Board,
and Department of Defense leaders are not the only advocates of
space and its significance to the nation’s security. This claim is
echoed by academics as well. The assertion that “...space has been
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mass, volume, heat, and power and fuel
consumption; easily reconfigurable,
autonomous systems; and multifunctioning
single chip satellites. In the longer term, they
may include systems with 1,000 times the
performance and weapon systems enabled by
nanotechnology.

Space is the future frontier once again. The
US must take decisive action before the nation’s
security posture is irrevocably weakened. This
article contends that aggressive development of
nanotechnology-enabled space systems by the
US today has the potential to facilitate the
nation’s future space viability and dominance in
2035 and beyond.
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and will continue to be important to our national security™ is
supported by numerous authors and noted experts on space
including Barry Watts in The Military Use of Space: A
Diagnostic Assessment; Steven Lambakis in On the Edge of
Earth: The Future of American Space Power; Everett C. Dolman
in Astropolitik: Classical Geopolitics in the Space Age; Bob
Preston and his team in their RAND book Space Weapons, Earth
Wars, and M. V. Smith in his article Ten Propositions Regarding
Space Power. Some of the preceding authors also address the
ongoing dcbate on whether 1o weaponize space or not. While
this debate relates to issues of national security, it is a highly
controversial topic and though vitally important, it will not be
addressed in this article. Ultimately, future wars will be fought
in this newest domain and nations must be prepared to address
the prospect.

While open warfare is currently not being fought in the highest
frontier, it is being fought on land, in and on the sea, and in the
air. Space systcms such as the Global Positioning System (GPS),
Satellitc Communications, and Space-Based Infrared System
High, among othcrs, aid the national security apparatus to
navigate, communicate, conduct intelligence, and accomplish
command and control. Because the nation’s defense is reliant
on these capabilities, current modes of land, air, sea, and cyber
warfighting would be significantly constrained if the ability or
access to use the space assets was either hindered or denied. The
systems currently in space cost billions of dollars and have
limited lifetimes. Furthermore, the technology onboard is
outdated soon after the systems are launched and often prior to
their deployment, particularly when it comes to the information-
related systems on board.

The greatcst challenges the US faces in the acquisition and
launch of additional advanced, hardened, and securc space assets
are their massive cost coupled with their enormous wcight, the
ability to provide lift, to supply extended power, and to manage
heat. For example, today it costs approximately $20K per pound
to scnd a satellite into geosynchronous orbit and about $10K
per pound to send the space shuttle into orbit.® Furthermore, at
this point in time, any country or nonstatc actor with the money
to do so can remove the functionality of US spacecraft.!” Dennis
M. Bushnell, chief scientist at the National Aeronautics and
Space Administration (NASA) Langley Research Center, agrees
and argues that our nation’s “space vulnerabilities are absolutely
hideous.™"!

Vulnerabilities

The US retains the strategic advantage in space today; howcver,
nations around the world are gaining ground in various areas such
as rcsearch and development, asset acquisition and dcployment,
and ASAT weapon employment. According to The Joint
Operating Environment 2008 document published by the US
Joint Forces Command, “Over the past scveral decades the US
has enjoyed unchallenged dominance over the dark realm
beyond the atmosphere.” This statement is true. However, defense
cxperts also coneur that the increasing proliferation of launch
and satellitc capabilities, as wcll as the development of ASAT
capabilities, has begun to Icvel the playing field. Other countries
are leveraging the benefits of space for both commercial and
military applications, and the US already confronts increased
competition for its use. Nothing illustrates this point better than
the recent launch of a small satellite by Iran. This will increasingly
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be the case ovcr the coming decades.'” A review of commercial
satellite use for public imagery consumption asscrts that “(t)hc
numbecr of sources for satellite imagery continucs to grow, fucled
not only by governimment customers in the USA and worldwidc,
but by an cxplosion of public usage.”"* The implications are
clear: the Joint Force will have to be preparcd to “dcfend the
space-based systcms on which so many of its capabilities
depend.”!* Following an August 2008 visit to the US Space
Command, retired General Barry J. McCaffrey predicted that “the
next administration will have at most a ycar to analyzc a series
of difficult stratcgic and investment space dccisions before US
global superiority will start rapidly croding.™"*

Congress rccently arrived at some of the same conclusions. A
2008 House Report on Challenges and Recommendations for
US Overhead Architecture deduced that “(t)he US is losing its
preeminencc in space.” In the report they wrotc that there is a
“narrowing gap bctween US capabilities and emerging space
powers such as Russia, India, and China.” The report further
added that

(s)pace continues to play an increasingly important role in supporting
the national security interests of the US. As the number of threats
increase, the nation must continue to deliver space capabilities that
provide policymakers and the warfighter with the information they
need. The next few years are a defining moment for the US...decisive
action is required to chart a successful course to preeminence in
space.'®

The problems of maintaining precmincnce and viability in
space are complex and varied, and alternative solutions must be
found.

Space programs at thc National Reconnaissance Office and
in the US Air Force have becn plagucd with multibillion dollar
cost overruns and lengthy delays. Formcr Dircctor of Central
Intelligence (DCI) and formcer Secretary of Defense Robert Gates
are concerned about the availability of serviees from space,
especially when threats to the nation’s space assets are growing.
These threats include China’s successful shoot down of one of
its own satellites in 2007 and significant advanccs in directed-
energy technology that can blind, disrupt, and destroy satellites.
While serving as the DCI, Gates “advocated unsucccssfully for a
mix of the large, multipurpose intelligence satellitcs and small,
easily launched, single-purpose, limited-orbit-time capabilitics
that we could throw up with a number of diffcrent launchers.”!”
The technological advanees to accomplish Sccrctary Gates'
proposal are closcr than ever before but they require out-of-the-
box thinking, a commitment to technological change, and a
willingness to expand research and devclopment at a time when
wc are fighting two land wars whilc battling forccs of terrorism
around the world.

Onc such out-of-the-box thinker is lvan Bekey. In his book
Advanced Space System Concepts and Technologies: 2010-
2030+ he contends that if we use “linear cxtrapolation with
respect to space capability several decadcs into the future” the
prospect for space will be “very gloomy.""* Using this linear train
of thought, hc expects that the cost of launch will be close to
what it is today; spacecrafts with the same function and
performance will weigh about the same; spacecraft cost will
continue 1o be tens of thousands of dollars per kilogram; power
consumption will continuc to be costly and limited; military
spacecraft will continue similar roles and functions: and
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communications spacecralt will continue to be expensive with
short life expeetancies and quick obsolescence once launched.
' These prospeets will not afford the US the capaeity or ability
to make signilicant advaneements in spaee. Linear thought,
coupled with the current and emerging global threats to US space
supremacy. have the potential to bring the nation to a eritical
juncture quickly in space, if the US is not there already.

The US may be at a critical juncture in the dominance of
space. Following an August 2008 visit to Air Foree Spaee
Command, General Barry R. McCalfrey, USA (retired), Adjunct
Professor of International Relations, US Military Aeademy,
highlights the following in his After Aetion Report Bottom Line.

®* The US Air Force has owned the space domain for 50-plus
years with no serious threat to our dominance of the high
frontier. That golden era has come to an end.

®* The control of space is central to all US Joint Operational
Forces and netcentric warfare. We lose 35 years of modemization
it we lose space.

® It US orbital assets and control are put in jeopardy. then our
Joint ground-sea-air combat effectiveness is degraded by an
order of magnitude.

* This US space dominance superiority gap is rapidly narrowing.
Both nations and nonstate actors have now obtained or are
leasing space capabilities (Russia, China, India. Japan, the
European Union, Israel, Taiwan, Brazil, Argentina, Algeria,
Morocco, Saudi Arabia, and others).

* Several nations and nonstate actors have creatcd active,
etfective ASAT olfcnsive warfare capabilities. (Altcrnative
Options: kinetic impact weapons electronic jamming, laser
heating or pulsed laser mechanical effects. chemical attack
of orbital surfaces, ground attack against control sites, intense
radio frequency encrgy. nuclear direct attack with gamma rays
and neutrons, attack with indirect nuclear etfects above the
atmosphere, intcnse beams of ncutral particles.)

* The Russians (April 1980), the US (September 1985), and the
Chinese (January 2007) have clearly demonstrated in the
unclassified world a direct kinetic kill ASAT capability.

* Space is becoming more crowded and more dangerous. There
are 450 active foreign spacecraft in orbit today. (300-plus arc
communication satellites in geostationary orbit.) In 2010 there
were more than 600 foreign spacecraft. Satellites are now
being launched from t2 known foreign launch sites as well
as from sca launch locations.

* Spacc is becoming cheaper, smaller, and commercial.™

General McCaffrey also came up with several key judgments
during his visit about the near-term space environment. Those
judgments are:

®* The total number of foreign satellites in orbit and thcir
capabilities will dramatically increase in the coming decade
with both peer group competitor states and nonstate actors
posing a new and dangerous threat to US space dominance.
The European Union will have a commercial capability that
will rival that of the US.

* Adversaries to include criminal organizations and terrorist
groups will acquirc from third parties the capabilities to
destroy, deny. and deceive US spacc systems.

® Scveral countries to include the current Russian and Chinese
capability will pose a direct kinetic threat to US on-orbit assets.
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* Russia will become the dominant international leader in
military space capabilities during the coming decade.

* The US will lose the ability to conduct covert military
operations as we are denied concealment and deception by
the wholesale proliferation of high-quality imagery and
signals intelligence satellites in the possession of our
adversaries.

* The capability to conduct electronic attack against our
satellites will be a tool in the hands of terrorists and other
nonstate actors if we do not rapidly invest in new hardening
and other defensive technology.

* Terrorist and state actors will actively prepare to attack US
ground satellite control capabilities.

* All international commercial, civil, military, and government
actors will become centrally and absolutely dependant on
global high-quality satellite communications and GPS
capabilities. This is an opportunity and a threat at the same
moment.?'

General McCaffrey finished with the assessment that “many
of these conclusions are destabilizing to US national security.
Most of these rapidly emerging new realities ean be mitigated or
turned to our advantage by smart investments and newly
invigorated national leadership and ereativity.” The US is at a
erossroad and it is imperative that leaders reexamine and restore
the nation’s commitment to space. General McCallrey proposed
that “it is time for a new assessment of the strategic risk we faee
and a renewed sense of energy to modemizing and changing the
strategie posture of our global forces.”™

Relerring back to Bekey's assessment, with respect to linear
thinking, the nation ought to refrain from using this delault way
of thought and take an alternate approach to ensure the US has
the capacity and ability to make significant advancements in
space. Basing predictions on past technological progress,
futurists and scientists contend that humanity will witness
exponential progress in the eoming years. Assuming their
calculations are correct a variety of options become possible. Our
nation can seek to do the lollowing.

* Drastically reduce the cost ol launch Irom what it is today

* Dramatically improve the function and performance of
spacecraft

* Significantly decrease the cost of power consumption and
increase spacecraft longevity

* Expand the roles and functions of military. civil and privatc
spacecraft

* Decrease cost of communications spacecraft while expanding
life expectancies and currency

Alternately the nation ean seck to significantly reduce the eost
of a spaceeraft from the tens of thousands of dollars per kilogram
it eosts today for the function and performance the spaceeralt
currently provides. Or better yet, the nation can seek to
exponentially iniprove the functions and performanee of the
spaceeralt so that the spaceeraft’s capabilities far outweigh the
cost. To aceomplish this, the US will need to capitalize on current
scientilic breakthroughs and disruptive technologies. Fortunately
the rapidly advancing technologies that have the ability to
transform and revolutionize virtually every industry to include
space are literally on the horizon.
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Advancing Technolc;gies—Genetics,i
Robotics, Information Technology, and
Nanotechnology

Therc arc numerous rapidly advancing, disruptive technologies
that have the capacity to impact US national security. However,
the oncs with the ability to truly transform and revolutionize our
world as we know it today are genctics, robotics, information
technology, and nanotechnology. These new technologies,
coupled with the premise that the world is becoming flatter, are
empowering individuals around the world to participate in
globalization by figuratively shrinking the world to a minuscule
size. Rapid globalization has proliferated advancing technologics,
flattened the world, and impacted its polarity.

Thomas L. Friedman asserts that we are now in the third great
era of globalization. The first, Globalization 1.0, started in
*“1492—when Columbus set sail, opcning trade between the Old
World and the New—until around 1800...shrinking the world
from a size large to a size medium.” The dynamic force for global
integration was the brawn, muscle, horsepower, wind power, or
steam power a nation possessed. The second cra, Globalization
2.0, started roughly around 1800 through 2000 and “shrank the
world...to a sizc small.” The dynamic force in Globalization 2.0
was multinational companies powered by falling transportation
and telecommunication costs. Fricdman argues that in 2000 we
entered Globalization 3.0, which “shrank the world .>"to a tiny
size and flattened the playing field at the same time.” His central
thesis is that the dynamic force for global integration is the power
for individuals to collaborate and compete globally with the
newest applications of software and the global fiber-optic
network tying everyone together. The transformational picce of
this era is that it is “shrinking and flattening the world...and
empowering individuals™ around the world in countries like
India, China, Latin America. Russia, and thc Middle East to
participate in both thc beneficial and harmful aspects of
globalization.” The ongoing transformation ensures that high-
tech rescarch, development, and consumer products are made
available to peoplc in all parts of the world, thus furthering
technological advances even faster. This ongoing transformation
is equally applicable to the space industry as nations around the
world are entering the space domain by accessing widely
available space-enabled services, cstablishing launch capabilities,
and devcloping satellite manufacturing bases, among others. The
current world financial crisis may slow this progress temporarily
but the forces at work are simply too compelling to dramatically
change the results.

Another futurist, Ray Kurzweil, contends that the first 50 years
of this century “will be characterized by three overlapping
revolutions—in Genetics, Nanotechnology, and Robotics™ or
GNR. He believes that we arc already in the beginning stages of
the Genetics rcvolution, that the Nanotechnology revolution
“will enable us to redesign and rebuild—molecule by molccule—
our bodies and brains and the world in which we interact,” and
that the most powerful impending revolution is the one in
Robotics. ** Kurzweil refers to the legendary information theorist
John von Ncumann's ideas that “human progress is exponential
rather than lincar™ and that “cxponential growth is seductive,
starting out slowly and virtually unnoticeably. but beyond the
knee of the curve it turns explosive and profoundly
transformative.” He contends that most long-range forecasts of
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what is fcasible in the field of technology dramatically
underestimate the power of future developments becausc they
view history in a linear manner vice cxponentially. He argues
that “wc won't experience one hundred years of technological
advance in the twenty-first century: we will witness on the order
of twenty thousand years of progress...or about onc thousand
times greater than what was achieved in the twentieth century.™*
While Kurzweil cites information technology as a vital
component of this rcvolution, another theorist incorporates
information technology as one of the critical drivcrs.

Joel Garreau also explores this ongoing revolution and
contends that four “intertwining technologies arc cranking
up...." They arc the technologies for genetic, robotic, information,
and nano processes. He explains that thesc four advancing
technologies “arc intermingling and fecding on one another, and
they are collectively creating a curve of change unlike anything
wc humans have cver seen.” This curve of change will transform
and revolutionize every field of technology, to include space
technology.

The curve indicates that the amount of new technology
introduccd in the 1800s was significantly smaller than the
amount of technology introduced in the 1900s. Furthermore, the
curve denotes that the amount of technology that is expected
between 2000 and 2025 is significantly greater than what was
achieved in the 1900s. The other part of the equation is that as
the cost of technology is being driven down, the access to the
technology is being driven up allowing more and more people
around the world the opportunity to use it or exploit it. Figure |
depicts the curve.

Another factor in the ongoing revolution is based on Moorc’s
Law which still stands today. It states that the processing powcer
per price of computers will increase by a factor of 1.5 every year.
This is not expected to change or end in the next two decades.™
Additionally, Garreau points out that every year the cost-
performance ratio of Internet services and modems is doubling,
the Internet backbone bandwidth and the size of the Internet itself
is doubling, and acceleration based on Moore’s Law is
proliferating, Because of this accelcration in information
technology, other transformative technologies such as genetics,
robotics, and nanotechnology are beginning to spawn and
rapidly accelerate as well.?” This also has a profound cffect on
virtually every technology. to include thosc technologies
cmployed in the space domain.

Genetics, robotics, information tcchnology, and
nanotechnology arc truly transformative technologies with the
potential to impact US national security both positively and
ncgatively. But of the four, nanotechnology. the underlying
technology that makes other things possible, is the key to futurc
spacc viability and dominance. So what is nanotechnology and
why are nanotechnology-enabled space systems ideal for the
spacc domain?

Nanotechnology and Space Applications. The origin of the
word nanotechnology dates back to 1987 when K. Eric Drexler
published Engines of Creation: The Coming Era of
Nanotechnology. The concept itself cmerged in the early 1970s.%
But even beforc then. the famous scientist Richard Feynman
forcsaw the concept of nanotechnology in 1959 when he gave a
now-celcbrated talk “Therc's Plenty of Room at the Bottom™ in
which he saw the advantages of ultraminiaturization in computer
electronics.’ His foresight of what nanotechnology has now
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evolved into was remarkable and a superb example of nonlinear
thinking that is a guide 1o how future space systems need to be
eonsidered.

Nano is the Greek word for dwarf and technically equates to
one billionth.* One nm is one-billionth of a meter or. in more
easily understood terms. one nm is 10,000 times smaller than the
width of a human hair. There are several different meanings to
the concept of nanotechnology but two are most prevalent. The
lirst “is a broad. stretched version meaning any technology
dealing with something less than {00 nmn in size.” The second is
closer to the original definition: “designing and building
machines in which every atom and chemical bond is specified
precisely.”™* Put another way, nanotechnology 1s “specifically
the technology we prediet when the tide of technological
progress washes against the shore of atomic physics (the
quantum mechanics of electrons, with nuclei considered as
unchangeable, primitive particles).” “Nanotechnology is not a
set of particular techniques, devices, or products. Itis, rather, the
set ol capabilities that we will have when our technology gets
near the limits set by atomic physics.”™ In simplest terms,
nanotechnology consists of “research and technology
development at the 1-10-100 nm size: crcating and using
structures that have novel propertics because of their small size;
and the ability to control or manipulate at the atomic scale.”™
Nanotechnology’s appeal is that “unusual physical. chemical.
and biologieal properties can emerge 1n materials at the
nanoscale. These propertics may differ in important ways from
the properties of bulk materials and single atoms or molecules.™*
There are many consumer produets already out in the market that
have capitalized on nanotechnology.

Current widely available nanotechnology-enabled products
are faster eomputers, higher density memory deviees, improved
baseball bats, lighter weight auto parts, stain-resistant clothing.
cosmetics, and clear sunscreen.”’” These products are modest and
cvolutionary in nature. However. the best is yet to come.
According to J. Storrs Hall in his book Nanofuture: What's Next
for Nanotechnology, nanotechnology has the potential to lead
the next industrial revolution.™ A similar forecast is made by
Michael Laine. He believes that the discovery ol nanotubes will
revolutionize this time in history. Nanotubes are "a world-
changing technology. Every age has been defined by the material
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building blocks available...such as stone. bronze, iron. The next
age might be defined as the carbon age.”™

Nanotechnology is real, world-changing, and has had an eflect
on a wide variety ol materials and processes, which have ideal
properties and great potential Tor employment in space and
signilicant implications l'or space viability and dominance. Some
of the materials and processes with space applications include
nanopartieles (ultrafine powders): carbon nanotubes or
buckytubes (strips of graphitc rolled up into a ¢ylinder. 40 to 60
times stronger thun industrial steel): nanolithography (a process
used to make electronic microchips): nanomanipulation (the
ability to manipulate on the nanoseale which has been done in
two dimensions for over a decade and scientists are now working
toward third dimension): nanoelectronics (the most advanced
capabilities that can be synthesized by sell-assembly);
nanomemories (the process of reading and writing data at
molccular densities); nanobatteries: and the process ol self-
assembly (atomically precise pieces sticking together using
chemistry or molecular biology).*"

Materials enabled by nanotechnology. or nanomaterials, are
ideal for space and are “great candidates lor spacecraft
applications.™! “In spacecraft high temperature resistance and
material strength is critical since rocket engines, thrusters, and
vectoring nozzles often work at much higher
temperatures. .. Satellite life is mostly sct by the amount ol luel
they carry. In fact, more than a third of onboard fuel is spent by
partial and inefficient Tuel combustion. Combustion is poor
beeause onboard igniters wear out fast and don’t perform.”™ **
Nanoteehnology-enabled spaec applications under development
include the Tollowing.

¢ Carbon nanotube materiats which are hightweight and will
reduce the weight of satellites and spuceships while increasing
the structural sirengih. The materiats can be used to build
lightweight solar sails that “use the pressure of light from the
sun reflecting on the mirrorlike solar cell to propel a
spacecraft.”

* Nanomaterial. like nanocrystalline rungsien-titanium
diboride-copper composite, that offers "a chancce to inerease
igniter life and performance.”™
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* Nanosensors that monitor “the levels of trace chemicals™ in
spacecraft for performance measurement and can be deployed
in a network to “search large areas of planets™ for traces of
water or other chemicals.

* Infrared sensors. Infrared sensors are already used in space for
satellite-based earth and atmosphere imaging research,
satellite navigation, optical data communication, and
astronomy instrument sighting. This technology will be
improved upon by the development of a variety of
nanostructures.*

¢ Bio-nano robots in spacesuits. Bio-nano robots will be used
for integration into two layers of the suit. The outer layer could
self-heal if punctured and the inner layer could monitor vital
signs and provide medication in the case of an emergency.

* Microelectromechanical systems (MEMS) devices. MEMs
devices will be used in thrusters for spacecraft and could be
used for acceleration of nanoparticles “reduc[ing] the weight
and complexity of thrusters...”*

* Atomic Force Microscope (AFM)-based nanorobotic systems.
Systems used for improved efficiency in manipulating nano-
objects with “broad applications for nano-imprinting,
manipulating nanoparticles, DNA molecules, and assembling
nano devices.”

¢ Nanostructured optoelectronics. This type of technology will
“offer space applications in optical satellite
telecommunications and sensory technology (such as infrared
sensors). Optical wireless data links are important for
intrasatellite communication as well as optical intersatellite
links. Smaller and lighter devices having a higher bandwidth
compared 1o common microwave conimunications are always
needed.”¥’

Nanoteehnology-enabled optical technology (described
previously) is key to data relay proeessing such as providing high
data rates with low mass, low-power terminals, and secure,
interference-free communications. One-way and bidirectional
optical links between satellites is already being suecessfully
cmployed by the European Space Ageney’s Advanced Relay
Technology Mission among others.* So the secret is out.
Nanotcchnology-enabled materials, processes, and applications
can make a world of difterence. So who is investing in this
rclatively new, revolutionary technology?

Today. many US government, industry, and academic
institutions are investing in the application of nanotechnology-
enabled materials, processcs, and applications. Baek in 1998 an
interagency working group on nanotechnology was established
in the US. The first government-sponsored nanotechnology
program, the US National Nanotechnology Initiative (NNI) was
established two years later. The National Seience, Enginecring,
and Technology Subcommittee was created under the National
Science and Technology Council's Committee on Technology
to coordinate efforts and, subsequently, the Nanotechnology
Coordination Office was stood up to synchronize federal
nanotechnology efforts. The 2/ Century Nanotechnology
Research and Development Act was enacted 1in 2003 which
authorizcd appropriations for research and created the National
Nanotechnology Advisory Panel calling for a review every three
ycars by the National Research Council of the National
Academies. The NNI Strategic Plan 2007, updated from the 2004
version, highlights the fact that NN1 will reccive reviews by the
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President’s Couneil of Advisors on Science and Technology and
the National Research Council.*’

Each year the President proposed additional funding for
nanotechnology and Congress has granted it. Sinee the NNI's
creation, $8.4B has been appropriated for nanotechnology
research and development to “fostcr continued US technological
leadcrship and to support the technology’s development with
long-term goals of: ereating high-wage jobs, economic growth,
and wealth creation; addressing critical national necds; renewing
US manufacturing leadership; and improving health, the
environment, and the overall quality of life.”* While the goals
are admirable. the $8.4B over a deeade or so is not nearly enough.

The NNI involves 25 federal agencies and has four main goals
which arc listed in the NNI Strategic Plan 2007, updated from
the 2004 version. The goals arc to “advance a world-class research
and development progran: fostcr the transfer of new technologies
into products for commercial and public bencfit; develop and
sustain educational resources, a skilled workforce, and the
supporting infrastructure and tools to advance nanotechnology:
and support responsible development of nanotechnology.™' The
NNI has eight program components. They include “fundamental
nanoscale phcnomena and processes; nanomaterials; nanoscale
devices and systems: nanomanufaeturing: instrumentation
research, metrology, and standards; major rcsearch facilities and
instrumentation acquisition; environment, health, and safety:
and education and socictal dimensions.” Since 2006 the
Department of Energy has cstablished five new Nanoscale
Research Cecnters “to support the synthcsis, processing,
fabrication, and analysis at the nanoscale...”*? The DoD is listed
as one of the primary collaborators on the first four components
and a secondary collaborator on thc remaining components.™

The Defense Advaneed Research Projects Agency (DARPA)
1s also a dominant player in sponsoring nanotechnology
programs around the country. Its role is to maintain the
technologieal superiority of the US military and prevent
technologieal surprise from harming national security through
the funding of high-risk, high-reward research and development
projects to include those having to do with space employment
as well as nanotechnology-enabled projects.™

With respect to dual-use technologies for the defense industry,
the Air Force, Army, and Navy rcsearch laboratories have
developed their own unique approaches such as establishing the
Air Foree Research Laboratory (AFRL) Nanotechnology
Initiative. the Army Rcsearch Laboratory Nanoelcctronics
Laboratory. and the Naval Research Laboratory Institute for
Nanoseience. Work at AFRL and associated programs have
“expanded the existing Air Force materials processing and
charaeterization infrastrueture™ and have “aceelerated the
dcvelopment of engineercd nanoscale materials for morphing
vehicles, alternative energy gencration and storage concepts, and
improved propellants™ among other contributions.**
Furthermore, the NNI notcs that the power of nanotechnolog
has the “potential to transform and revolutionize multiple
technologies and industry sectors, including
aerospacc...homeland security and national dcfense,
energy....(and) information technology...” among other
technologies and industries. The DoD is listed as having a central
role in all of the above “high-impact application opportunities™
where critical research will significantly advance those
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applications. The DoD is also listed has owning a supporting role

in all other application areas.*

However, according to the US Joint Forces Command, “the
present culture and burcaucratic structures of the DoD place major
hurdles in the path of future innovation and adaptation.™’ If the
DaoD is unable to innovate and adapt the current scientific
breakthroughs and disruptive technologics, then the military will
be unable to capitalize on the rapidly advancing technologies
that have the ability to transform and revolutionize US Armed
Forces, to include space forces. But other government agencics
are beginning to see the vast potential of a future space domain
enabled by nanotechnology.

In 2004 the National Acronautics and Space Administration
(NASA) was reportedly “spending more than $40B a year on
nanotechnology investigations,”* The Center for
Nanotechnology at NASA Ames Research Center is rescarching
the application of nanotechnology *“to reduce the mass, volume,
and power consumption of a wide range of spacecraft systems
including sensors, communications, navigation, and propulsion
systems.”™ The Johnson Space Center Nano Materials Project is
working on nanotube compositcs to reduce the weight of
spacecrafts,®

A good deal of work is being done outside of the government
as well. Arrowhead Research Corporation is a California-based
company commercializing new technologies in the arcas of life
sciences, electronics, and energy. One of its subsidiaries, Unidym,
Incorporated 1s focused on the manufacture and application of
carbon nanotubes (CNT) in an effort to provide “carbon nanotube
(CNT)-cnabled products. bulk materials, and intellectual
property to a wide range of customers and business partners.”*!
Some of their products include various CNT materials, transparent
conductive films, printable transistors, fuel ccll clectrodes, and
solar cell development. Unidym bases their technology platform
on four key technologies, high-purity, clectronics grade CNTSs,
a network of CNTs allowing both flexible and rigid substrates,
specialized technology processing, and platforms for component
and device design.®* With their 2007 merger with Carbon
Nanotechnologies Incorporated. the company is considered a
leader in “bringing carbon nanotube-based products to market.”*
The LiftPort Group and Elevator 2010 groups are working
toward making a space clevator constructed of carbon nanotubes
a reality.* The California NanoSystem Institute (CNSI1) was
established in 2000 through a California state initiative and
opened a new state-of-the-art facility at the University of
California Los Angeles (UCLA) in 2007, It is a unique research
center whose mission is to “encourage university collaboration
with industry and to enable the rapid commercialization of
discoveries in nanosystems.” *

Many projects being worked at UCLA and in conjunction with
other institutions are directly space related. For example,
Professor Richard Wirz's project, satellite flying formations, is
conceptually not out of bounds. Wirz explains that precision
formations can provide observational aperture size much larger
than those for single spacccraft. thercfore allowing image
resolution well beyond current capabilities. When combined with
small and miniature spacecraft and propulsion technology. the
precision formations should allow significant increases in
spacecralt capabilities and survivability without additional
launch requirements. 1I' his project is fully funded it could be a
reality in 10 years, if not lunded then surely in 25 years. Wirz
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contends that the US dominates space now but it is also the
nation’s Achilles heel.® Professor Yang Yang is working on
polymer solar cells which “have shown potential to harness solar
energy in a cost-effective way™ and on the electronic properties
of graphene, which “make it a promising candidate lor next-
generation nanoelectronic devices™ both of which can potentially
be used in the future on satellites.”” The Massachusetts Institute
of Technology (MIT) Space Nanotechnology Laboratory is
“developing high performance instrumentation for use on
spaceflights.™®®

There are many morc academic institutions and government
agencies charging forward with this technology. But they are not
only in the US. Other nations now maintain and sustain
advancing nanotechnology initiatives. US leaders should be
concerned.

Global Competitors. To date over 60 nations have established
similar efforts to that of the US NNI. In 2006 the estimate for
global invesunent in nanotechnology was around $12.4B with
$6B of that supplied by the private sector. While the US “appears
to be the overall global leader™ for now, the reality is that other
countries are investing hcavily in research, development, and
application in nanotechnologies based on the US model, and may
already have the upper hand in specilic areas.

Approximately 4,000 companies and research stitutes are
working on nanotechnology developments worldwide. Of those,
1,900 are in the services industry and over 1,000 companies are
manufacturing products. The worldwide nanotechnology
markets arc projected to grow from $300B 1n 2006 to more than
$I1T in 2015.%° As of 2007, the leading nations in nanotechnology
development are the US, Japan. China. and Germany, with China
being one of the “world’s leaders in terms of newly established
nanotechnology firms.” Russia just stood up their version ol
NNI and pledged over $1B per year toward the mitiative. The
global requirement will be for two million skilled workers in the
nanoscience and nanotechnology field worldwide with at least
one-third of those “needed in the US to maintain global
competitiveness.”™!

Sixty-three percent of US business leaders in the
nanotechnology field believe that the US is the world
nanotechnology research. development, and commercialization
leader: however, they contend that the lead 1s narrowing.” Using
purchasing power parity exchange rates. in 2006 the top ten
nations investing public funding into nanotechnology rescarch
and development in priority order were the US, China, Japan,
South Korea, Germany. France, Taiwan, the United Kingdom.
India, and Russia. The nation’s lcading private sector investments
mn 2006 were the US and Japan, together accounting for nearly
three-fourths of corporate investment.™ While the US led all other
nations i scientific journal paper publication in 2005 with 24
percent of the world output, China was the only major competitor
coming in second with 12 percent of the world's output. The US
dominance remains today but it also represents a decline from
publishing 40 percent of the world's papers in the 1990s. The
European Union led the US in terms of quantitative analysis
comparison of published papers but the European Union’s share
is in decline. China’s share is rapidly increasing and is projected
to surpass that of the US. if it has not already. The following chart
indicates China’s growth in competitiveness, which has now
surpassed the US and Japan, both of which are on the decline
(sce Figure 2).
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The nations with the highest commitment to nanotechnology
were South Korea. China, and Japan with the European Union
and the US falling below world averages. A testament to the
quality of rescarch and development in the US, the papers from
the US were most frequently cited. Furthermore, the US led in
the arca of patent grants.” Aecording to the US Patent and
Trademark Offiee, more than 4,800 patents have been identified
under the nanoclassification heading.”® Statistics tell only part
of the story. The observations of space and nanotechnology
experts are also important to assess. The ongoing resecarch and
development, travels, and joint publications of these professionals
provide eritical insight into the capabilities of the competitors
as well as the potential of future nanotechnology-enabled space
systems.

From the perspective of scientists and engineers at The
Acrospace Corporation (a federally-funded rescarch and
development center supporting the Space and Missile Systems
Center, US Space Command among other governmental
organizations), the US is currently leading the world in
government funded nanotechnology research and development
and is ahead in nanotechnology-enabled solar eells and structural
materials. Dr Donald A. Lewis, Principal Dircetor of the Strategic
Awareness and Policy Directorate (Project West Wing), and his
team assess that Japan is a major player in rescarch and
development and is ahead of the US in nanotechnology-enabled
battery development.”” China is working diligently and
deliberately in nanotechnology-focused research and
development while Russia is not far behind. The European Union
is also making significant strides.™ Experts in academia provide
important insights and observations as well.

According to Dr Jim Heath, the Elizabeth W. Gilloon Professor
and Professor of Chemistry. Director of NanoSystems Biology

Cancer Center at the California Institute of Technology and a
Feynman award winner, the US is in the lead with respeet to
nanotechnology research and development; however, the lead
is not so elear anymore. Dr Heath believes this is the case because
the nation has been risk averse in the past decade and is now
betting on sure things. He is certain of the inevitable that
nanotechnology-enabled systems will be used in space. The
biggest question is whether it will be by the US or someone else.”
Dr Gregory Carman, a professor in the Department of
Mechanieal and Aerospace Engineering at UCLA, suspects China
will overtake the US in technology research in the near future.
His observations come from his many visits to China and his
contact with Chinese students in the US and Asia. Ten years ago
Chinese students wanted to stay in the US: but now that oceurs
far less. In the past China’s equipment was rudimentary, but
during his last visit in 2007 he observed that they are now using
state-of-the-art equipment. Furthermore, researchers in China
now receive financial incentives to produce. Chinese
publications and papers often duplicate the US but they are still
quite good. He believes that in terms of teehnological rescarch,
the Chinese will surpass the US in one to two decades.* The good
news is that proponents in US academic institutions and the
private sector of nanotechnology's benefits are trying to do
something about the nation’s dwindling lead. This is a eritical
task and one that must be tackled if the US is to remain
technologically eompetitive, viable, and dominant in space.
Unidym executives also believe that the US remains the leader
in nanotechnology rescarch and development for now, and that
their company holds the competitive edge in the nation by
integrating various technologies. Unidym exceutives belicve
that, in addition to their regular foreign competitors such as
China, Russia, and the European Union, the Middle East has
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become a competitor with Dubai investing vast amounts of
money into nanotechnology. They eite that Korea is developing
a carbon valley based on nanotechnology-cnabling materials
which is similar to California’s Silicon Valley. They assess that
the gap betwecn the US and the rest of the world will narrow in
five ycars with China leading soon after that.*!

Nanotcchnology advocates in virtually all areas of the
government, acadcmia, and industry asscrt that this technology
is bound to make “substantial contributions to national defense.
homeland security, and space exploration and
commercialization.*” It will require a workforee that understands
nanotechnology, clectronics on the micro and nano scale, and
the ins and the outs of the spacc industry. Why is the employment
of nanotcchnology in space application so critical? Will China,
Russia, or some other nation achieve space dominanee? Or will
the US be able to retain this critical strategic advantage? A closer
examination of what a nanotechnology-enabled future in space
will look like is critical to answering this question.

Space Tomorrow (2035)—Enabled by
Nanotechnology

An ambitious, aggressive, and innovative plan backed by federal
commitment of dollars and resources could afford the nation an
opportunity to capitalize on the benefits of nanotcchnology and
allow the US to retain its lead in nanotechnology. With the
applieation of nanotcchnology-cnabled space systems, the US
will have the ability to retain its dominance in space and sustain
the viability of employing spaee-cnabled technology in national
defense.

Near-Term Possibilities

Within the next 15 ycars, a great deal 1s possiblc for application
of nanotechnology in space. NASA prediets that the “seientifie
and technical revolution has just begun based upon the ability
to systematieally organize and manipulate matter at nanoscale.”
And that the pavoff is anticipated within the next 10 to 15 years.”
According to NASA:

* Advanced miniaturization is kcy to enabling new science and
exploration missions. Ultra small sensors. power sources,
communication, navigation, and propulsion systems with
very low mass, volume, and power consumption arc nceded.

* Revolutions in electronics and computing will allow
reconfigurable, autonomous, thinking spacccraft.

¢ Nanotechnology presents a whole new spectrum of
opportunities 1o build device components and systems for
entirely new space architectures. Examples include networks
of ultra small probes on planetary surfaces; microrovers that
drive, hop, fly, and burrow:; and collections of microspacecraft
making a variety of measurcments.®
In a December 2008 presentation to the defense industry NASA

scientists further concluded that

Nanotechnology can have a significant impact on matenials for
aerospace applications by enhancing durability, improving
properties, [and] enabling multifunctionality. Applications of
nanostructured materials can enable significant reductions in vchicle
weight—fuels and emissions, improvements in safety and
durability, [and) enhancements in performance.”

Another initiative is the creation of The National High
Reliability Electronies Virtual Center (NHREVC). This is a Web-

Volume XXXV, Numbers 1 and 2

enabled virtual eenter for use by multiple organizations and sites
from government, industry. and academia across the nation to
address the multidisciplinary challenge ol clectronics liTetime
assessment. The center’s imitial focus is on electron devices with
active element sizes smaller than 100 nim, specilically the
reduction of risk associated with the employment ol the emerging
technologics. The motivation for the center is rooted in a widely-
held belief that “the DoD and intelligence community must
actively adopt emerging eleetronics™ because “obsolescence is
driving us to new technologies...” and “hi-speed. low power
consumption parts promise a major competitive advantage over
our adversaries.” The NHREVC's participants include The
Aerospace Corporation, The AFRL. universities, commercial
industries, Olfiee of Naval Research, government labs, federally-
funded research and development centers. and others with
expansion to include more partieipants in Fiscal Year 2009 and
beyond. They base their direction and focus on technology
insertion roadmaps of the National Sccurity Space, Missile
Defense Agency. and NASA®

A report on Nanotechnotogv and US Competitiveness Trom
The Congressional Research Service predicts that within the next
live to ten years evolutionary changes based on nanotechnology
will occur in the fields of micdicine, protective clothing, energy,
water purification, higher-density memory devices, agriculture
produetion, environment protection, and remediation. * These
changes will also occur in the space industry. In 2006 participants
at the CANEUS [Canada-Europe-USA-Asia] Conlerence
concluded that “nearly cvery space program worldwide has
Tound remarkable and successful roles for micro and nano
teechnologies (MNT)” such as the creating ol lighter weight.
smaller-sized, less-power-dissipated, lower-cost materials Tor
outer space, aerospace, and military applications.*” DARPA is
working on a “concept of fractionated spacecraft, where a
traditional monolithic satellite is replaced with a cluster of
wirelessly interacting modules that deliver comparable mission
capabilities and dramatically enhanced flexibility and
robustncss.™*

Concrcte advanccs are being made around the world as well.
Surrcy Space Center at the University of Surrey, United Kingdom
has already moved in this direetion and invented SpaceChips as
the foundation for a single-chip satellite. which will include
“imaging. a solar cell. antennas, a digital radio, a central
processing unit, and power eontrol circuitry on a die that measures
just 18 by 20 millimeters [mm]."™ European Aeronautic Defence
and Space Company’s Astrium Ltd division has developed
Micropacks for Space Microsystem Technologics (MST) which
will be used to create suites of MST commereial ofl-the-shelf
sensors for assembly and integration “into 3D modular muliilayer
ccramic package[s].”"” The benefit will be “the casy inclusion of
additional sensors, hardware like MEMS gyros, scientific
instruments, and advanced micropower and data communieations
networking techniques, as well as a microcomputer on a
chip....MEMS devices figured heavily in spacecraft propulsion,
thrust and rocket designs of all types.”' Many more
nanotechnology-enabled probabilities and possibilitics are on
the horizon.

Peter Pesti compiled a eomprehensive document titled
Roadmap of the 21" Century that consists of reports from Goldman
Sachs, PricewaterhouscCoopers, the United Nations, and the US
intelligenee eommunity; DoD roadmaps, a nanotechnology
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expert survey, and a semiconductor roadmap; and predictions
by scientists, authors, and futurists. The list includes a number
of nanotechnology-relevant forecasts with space applications.
The near-term possibilities with space applications are listed in
Table 1.

Longer-Term Predictions

The Roadmap of the 21*" Century nanotechnology-relevant
predictions with space applications envisioned in the longer term
beyond 2035 are listed in Table 2.

To make these near-term possibilities and longer-term
predictions a reality, there be must innovation, out-of-the-box
thinking, and a focus on the exponential possibilities. Ivan
Bekey, author of Advanced Space System Concepts and
Technologies: 2010-2030+, believes that “disruptivc innovation”
vice incremental improvements will revolutionize the changes
in space.” He contends that the highest leverage technologies
should be developed to make this occur. They are as follows,

® Adaptive piezoelectric reflector membranes. actuated by
electron beams

¢ Coherent cooperating distributed or swarmed spacecraft of all
sizes

* Buckytube matrixless and composite structures and spacecraft
components

¢ Long lightweight. high strength long-life tethers, wire and
nonconducting MEMS FEEP [field emission electric

propulsion] integrated micropropulsion assemblies

By 2010 - NRAM (nanotube ram, always-
on high density computer
memory)

- Smart and adaptable surfaces
at the nanoscale as building
block for Biodetection

- Quantum dots: nanosized
imaging agents for
analysis/diagnosis inside

- Commercially available array of
nanotubes: Biosensors for
detection of single molecules
based on nano arrays

- Existing materials such as
polymers replaced by
nanostructured biomaterials

- Sensory augmentation using
sensory implants, nanoparticles
- Targeted drug delivery based
on nanoparticles

- Optical tweezers: nanotools for
manipulation inside cells

- Commercially manufactured
nanoelectronics chips using
DNA or peptides

- Nanotools and parts created by
DNA

- Nanowalkers, nanoworms,
nanofish

By 2015

Table1. Near-Term Posslbiiities with Space Applications

Formation flying techniques with submillimeter relative
position accuracies

Spectrally split, multiple matched bandgap cells in
concentrated solar powcr arrays

Liquid crystal spatial light modulators with more than 1 mm
of time delay correction

Micro-particle stream heat radiators

High capacity information transmission, processing. and
storage to meet all needs™

By 2025 - Nano-enabled space vehicles with 10 to
1000 times better performance than today
- Nanofactories creating space vehicles with
--lon drives with 750k We/kg specific power
--Speed 0.5 AU per day
--9.8 m/s2 accelerations
- Ability to go from Earth to Mars in 1to 3
days, Earth to Saturn in 20 days
- Inexpensive carbon nanotube fiber with
over 50GPatensile strength
- Nanoengineered machines applied to
manufacturing and process-control
applications
- Sensory augmentation using sensory
implants, nanoparticles, etc.
- Actuated diamond tools and Nanoparts
created
- Nanobiotechnology: Fundamental
processes of the cellular cycle understood
- Biological energy conversion systems used
in artificial micro/nano systems
- Nanotech based organism colonies
- Introductory nanofactory
- Nano-machine for theranostics (therapy
and diagnostics) used inside body
- Everything monitored and tracked by nano-
RFID tags with build-in memory
- Billion CPU personal nanocomputers

By 2035 - First orbital country in space, nanotube
structure many km in diameter at L5,
population 100,000+

- Nanotechnology plants created

- Human cells interfaced with nanotech

- Nanobots scan the brain from inside

- Full immersion virtual reality with nanobots,
from within the nervous system

- Nanotechnology weapons used in war,
over 500 million dead

Beyond - Space elevator based on carbon nanotube
2035 built

- Nanotech based virus communicable
between machines and people, sent over
the Internet

- Real toy soldiers using nanotechnology

- Nanobots swarm projections used to
create visual-auditory-tactile projections of
people and objects in real reality

- Nanoproduced food will ensure availability
of food no longer affected by limited
resources, bad crop weather, or spoilage

Table 2. Nanotechnology-Relevant Predictlons with Space
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Bekey further speculates that *...the introduction of

Buckytube materials,” into the manufacture of both spacecraft
and launch vehicles. “could result in total weight and cost
reductions of factors of 100,000 or more from today’s levels.”
“Weight, which is today the major determinant of space system
cost, will become essentially immaterial in the future.”™

Bekey is right when he states “we must be willing to think
unconventionally, big. far-term, and high risk™ by mvesting in
disruptive technologies so that “space will become just another
place.” This will create a “whole new ballgame for defense spuce”™
as well as for comunercial space. In terms ol defense and space,
he predicets that in the future:

* Global force projection Irom space will be ubiquitous and
devastatingly effective.

* Complete situational awareness will exist from
geosynchronous at theater to global scales.

*  Many crews will be removed Irom harm’s way by performing
functions from continental United States (CONUS) locations.

® Precision weapons will be delivered globally from CONUS.

* The size of. and need for, logistic tails 10 supporl operations
costs will be greatly reduced.

® Space radar will mostly replace Airborne Warning and
Control System (AWACS). Joint Surveillance Target Attack
Radar System, Satellite Access Request, and
SPACETRACK.”

¢ Spacecralt development. deployment, and operations costs
will approach those of aireraft.

® Some space systems will be incrementally funded. emplaced.
and upgraded.

®  Most of the advanced ideas ol the Scientific Advisory Board's
New World Vistas will be ficelded.

But:

® The US will not have decisive technological advantages over
others.

¢ Commercial infrastructure and services will dominate space
activity.

* Congress will insist that DoD use these capabilities.

¢ We will have to learn to observe, fight. and win in this
environment.”*

Other space and nanotcchnology experts make similar
assertions that nanotechnology will enable radical changes in
the space industry. Allan Rogers predicts that NASA spaceprobes
will weigh 10 kilograms (kg) or less down from the current weight
ol hundreds of kilograms, soon to be down to 100 kg.” In a paper
presented at the Fourth Foresight Conference on Molecular
Nanotechnology., Thomas Lawrence McKendree studied
“chewmical rockets for putting payloads into Earth orbit, single
and two stage architectures, synchronous and rotating skyhooks,
solar sails, solar electric ion engines, and large inhabited space
colonies.” He calculated “how well those systems would perform
when simply using micro and nanotechnology (MNT) technical
performance parameters.” He concluded that “In all cases, MNT
offers the possibility of significant system improvements.™™

Another potential application is the devclopment of a space
clevator (mentioned earlier). Bradley Edwards, president of
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Caron Designs. Inc. predicts that the space elevator will be built

using carbon nanotubes (CNTs) and will allow quick space entry.
He added that “the same material could reduce the mass required
for the Iifting equipment on a space elevator, and also lighten
solar power satellites and space stations.” '’ These and other
nanotechnology-cnabled space applications are limited only by
imagination, innovation. ability. and dedication to overcome the
challenges.

Addressing the Challenges

What will US defense capabilities be in 20 to 25 years from now
in this radically different cnvironment? What should DoD. or
more precisely the Air Foree. do now to address those potential
challenges? One answer is wargaming. The US Air Foree Future
Capabilities Game 2007 is a wargame designed to “shape military
capabilities to best respond to emerging luture warfighting
environments and national security challenges.”™ These
wargames are used to “explore new concepts and capabilities and
help prevent technological, strategic. and/or operational
surprise.” The report identified trends and shocks that are likely
to crode traditional military advantages. The primary drivers
include the following predictions: “a flattening technology gap
will reduce US military advantage...computing capability will
greatly enhance cyberspace capabilities...(and) rising energy
and US manpower costs will force the US military toward energy-
efficient and automated systems.™'"” The wargame predicted that
the following long-term challenges to capabilities are likely:
“Detcriorating space security...growing anti-access (land, sea,
and air) capabilities...increasing number of weapons ol mass
destruction by more nations...a rapidly growing information-
based global society...(and) the blurring ol hines between major
combat operations and irregular warture...”""" Because the
undertaking is so difficult, of the five long-term challenges
predicted by the wargame, the US has placed insufTicient
emphasis on and action toward addressing the deterioration ol
space security and cxpanded capability. Nanotechnology may
hold the key to overcoming these challenges.

The next step 1s to study aceelerating technologies, forecast
their impact in the futurc on the military. and determine what
leaders should do today to address the encroaching challenges.
The Air Force’s Blue Horizons Program is a headquarters-
sponsored, long-range planning effort lead by exemplary laculty
members and comprised of volunteer Air War College and Air
Command and Staff College line officers within the top 12 percent
of their peer group. The research program 1s designed to mesh
with the quadrennial defense eycle. The program Tocuses on how
accelerating technological change interacts with a shifting
strategic landscape to produce massive dynamic change. This
change then acts as a catalyst to create a very disturbing
disruptive threat to the US and a serious challenge to the Air
Force's future dominance. The 2007-2008 Blue Horizons
Program studied nanotechnology. biotechnology, directed
energy. and cyber through 2030 and rooted its Tindings in a
quantitative analysis methodology.

Of the multiple 2007-08 Blue Horizons Tindings, the
conclusions on nanotcchnology held that nanotechnology is the
easily forgotten game changer. Furthermore, nanotechnology is
now being added to make systems better and nanotechnology
will become a stand-alone system in 2030. The team also came
up with four alternate futures for 2030 represented by a Peer
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China, a Resurgent Russia, a Failed State, and a Jihadist
Insurgency scenario. These alternate futurcs provide a plausible
tool to understand future challenges and logical extrapolations
bascd on cxtensive research. The 2008-2009 program specific
task 1s to “develop a prioritized list of concepts and their key
enabling technologies that the Air Force will need to maintain
the dominant air, space, and cybcr forces in the future.”

Based on the previous research presented in this article and
borrowing heavily from Bekey's implications, the following five
assumptions are offered about what nanotechnology-enabled
space capabilities could provide the US 20 to 25 years from today.
First, the US will cmploy satellites that possess the capability to
perform up to 1,000 times better than the satellites deployed
today. Second, the US military will possess the option of global
force projection from the domain of space. Third. the US will
possess the capability to achieve and maintain complete
situational awareness in CONUS for assets located in space.
Fourth, the US will have the capacity to cxecute the majority of
its warfighting capabilities from CONUS using space-enabled
technology. Fifth, the US will have the ability to deliver precision
weaponry from CONUS via assets in space. Because the
capabilities listed in the third, fourth, and fifth assumptions will
be primarily space-based. they will be in the hands of the
warfighter either in the CONUS, on the battlefield, or alternately
anywhecre the warfighter requires access to those capabilities.

Applying the promise of nanotechnology-enabled space
capabilities to the 2007-2008 Blue Horizons Alternate Futures
work provides interesting implications for the US 20 to 25 years
from now. The following provides a brief glimpse into what the
future may hold with a Peer China. Resurgent Russia, Failed State,
and a Jihadist Insurgency.

In the case of a future Peer China scenario, Beijing posscsses
a greater gross domestic product than the US. Its success in
cxporting high technology product will likely continue to
dominate the world,'™ and its global compctitiveness far
surpasses all other nations to include the European Union. In the
casc of a future Resurgent Russia. Moscow becomes a key
supplicr of world energy. The nation grows into a major world
economic player as a result of its rapid wcalth from hydrocarbon
exports; and its autocratic and corrupt Icaders demand and seek
a role on the world stage.

In the Peer China and Resurgent Russia scenarios, both nations
are likely to have attained significant wealth, possess the
resources and capabilities to further refine the cmployment of
nanotcchnology-enabled space systems, and continue to possess
the desire to attain or retain space dominance or supremacy at
all costs. The implications are that if both China and Russia
dominate space and the US does not, the US would become
dependent upon either or both of thesc two nations for land, sea,
air, and cyber defense capabilities as well as other commercial
and private serviccs such as television broadcasting, telephone
services, commercial aviation and shipping, train transportation,
police and fire emergency services, personal vehicle navigation,
finance and banking, product tracking, and agriculturc.
Conscquently, the US would benefit by aggressively developing
nanotechnology-enabled space systems today, as China and
Russia are likely to also develop thesc systems in an effort to
dominate the high frontier in the futurc.

In the case a future Failed Statc Scenario using Nigeria as a
case study, Nigeria continues to maintain the largest population
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in Africa with a growing Islamic population in the North
following Sharia Law; institutional corruption is rampant
throughout, the nation is a haven for transnational criminal
entcrprises: and the state’s failure could ignitc wars between and
within neighboring countries.

In the case of a future Jihadist Insurgency Scenario using
Saudi Arabia as a case study, the vital oil resources and military
are taken over by the Jihadists; fear over Muslim holy cities
falling into the hands of radical Muslims is heightencd; the
increasing population growth, coupled with a poor cconomic
outlook is fostering discontent; and low-level insurgency
provides for a strong potential for expanded religious, ethnic,
and tribal conflict within the state and region.

In closer examination of these two cases, it is not likely that
Nigeria or Saudi Arabia will possess nanotcchnology-enabled
space systems; but they will be the users of such systems.
However, the likelihood exists that roguc nonstatc actors or
terrorists being harbored in these two states would certainly have
the potential to access these capabilities. And, as a result, the
rogue nonstatc actors or terrorists would have the capacity to
endanger the viability of the US space forcc and thereby
challenge US national security. In these two scenarios the US
would benefit by aggressively developing nanotechnology-
enabled space systems today to greatly enhance its futurc space
capabilities and have the ability to project force globally via
space. Furthermore, the US would bencfit by having the ability
to gain the intelligence cdge with complete situational awareness
and by being able to execute a vast array of warfighting
capabilities with truc precision weaponry from anywhere in the
CONUS or elsewherc using space assets while limiting the
placement of troops in harm’s way.

In any of the four scenarios the US would benefit greatly if
the nation would capitalize on, leverage. and develop
nanotechnology-enabled space systems in an effort to ensure the
viability of space and maintain dominant space forces in thc
futurc. One approach is to seek ways to exponcntially improve
the functions and performance of spacccrafts so that its
capabilities far outweigh the costs. Current advances in the
research and development of nanotechnology and nanomaterials
arc already poised to make this happen; and this will probably
happen very soon.

Conclusion

1t is hard to imagine life in the US without the daily conveniences
enablcd by spacc. which have become routinc and mundane to
most. It is even more difficult to envision the nation’s defensc
capabilities without the advantages of space. If wc lose control
of space, we risk losing command of US forces, control of
netcentric warfare, and 35 years of modernization of US Armed
Forces.'” The nation must continue to deliver spacc capabilities
that provide warfighters and policymakers with the vital
information. intelligence, and capabilities thcy nced. According
to the Defense Science Board and the Air Force Science Advisory
Board, there is no viable alternative to the unique capabilities
that space systems provide.'® Threats to US national security are
increasing and will never ceasc.

In addition to demonstrated, direct kinetic kill ASAT
capabilities, several nations and nonstate actors have created or
are working on active, effective ASAT, offensive warfare
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capabilities such as kinetic impact weapons electronic jamming:
laser heating or pulsed laser mechanical effects: chemical attack
of orbital surfaces: ground attack against control sites; intense
radio frequency energy; nuclear direct attack with gamma rays
and ncutrons; attack with indirect nuclear effects above the
atmosphere; and intense beams of neutral particles. The
challenges are many and they are real.

The greatest challenges the US faces today in the acquisition
and launch of additional advanced, hardened, and secure space
assets are the massive cost, coupled with the enormous weight,
the ability to provide lift, the ability to supply extended power.
and to manage heat. The potential solutions are numerous and
varied. However, the US must employ innovative, out-of-the-box
thinking, renew its commitment to the advaneced research and
development of disruptive technologies such as
nanotechnology. and restore its commitment to dominance in
space in order to resolve the challenges.

Nanotechnology is real and world-changing. It has had an
cffect on a wide variety of materials and processes, which have
ideal properties and great potential for employment in space.
Nanotechnology is the underlying driving force in the expansion
of space viabtlity and dominance. Some of the nanotechnology
materials and processes with space applications include
nanoparticles;: CNTs or buckytubes: nanosensors: infrared
sensors: nanolithography: nanoelectronics: MEMS devices:
nanomemories at molecular densities; nanobatteries; bio-nano
robots; Atomic Force Microscope-based nanorobotic systems;
nanostructured optoelectronics: two dimensional
nanomanipulation with three dimensional nanomanipulation on
the horizon; and the process of self-assembly. Furthermore, the
employment of nanomatenals such as CNTs or buckytubes in
launch and spacccraft materials have the potential to dramatically
reduce the total weight and cost by factors of up to 100,000.'”
Nanotechnology ean make a world of difference.

The payoffs in space will be expansive in next 10 to 15 years.
Nanotechnology-enabled spacecrafts and systems will possess
significantly enhanced flexibility, robustness. safety, durability,
and performance capabilities while experiencing concurrent
reductions 1n costs. They will include ultra small sensors, power
sources, communication and navigation, and propulsion systems.
The payoffs will deliver dramatically reduced emissions, mass,
volume. heat, and power and fuel consumption. They will include
stngle-chip satellites with multifunctionality and easily
reconfigurable, modular, autonomous, thinking spacecraft able
to assess and react to the environment. In the longer term, the
nanotechnology-enabled systems will likely provide self-
assembled spacecrafts; space systems with 1,000 times the
performance of today’s systems: weapons systems enabled by
nanotechnology: and CNT space elevators. The properties of
nanotechnology-enabled materials and systems are ideal for
space. Nanotechnology will be routinely employed in space.
Which nation, federation or conglomeration of nations,
corporation, academic institution, or team will be the first to
capitalize on this technological revolution?

Sincc the inauguration in January 2009, the new
administration has yet to address the importance of space to US
national security. However, prior to the November 2008
presidential election, then President-elect Barak Obama,
responded to the top 14 science questions facing America. Three
of those twelve qucstions were on the topics of space, national
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security, and innovation. With respect to spuce. President Obama
pledged to reestablish the National Aeronautics and Space
Council to oversee and coordinate civili:in, military, commercial,
and national security space activities and work toward a 21*
century vision of space that constantly pushes the envelope on
new technologies. Regarding national sccurity. President Obama
promised to ensurc that our defense, homeland security, and
intelligence agencies have the strong research leadership needed
to revitalize US defense research activities and achieve
breakthrough science that can be quickly converted into new
capabilities for US security to include renewing DARPA. With
respect to innovation, President Obama vowed to increase support
for high-risk, high-payoff research portfolios at the nation’s
scicnece agencies and invest in the breakthrough research to
transform defense programs.'™ The general dircction of the
response was correct. Now the muscle must be put behind it. The
US must take decisive action before the nation’s sccurity posture
is irrevocably weakened.

The US would bencfit greatly if the nation would capitalize
on, leverage, and develop nanotechnology-enabled space
systems in an effort to cnsure the viability of spacc and maintain
dominant space forces in the future. Aggressive development of
nanotechnology-enabled space systemns by the US today has the
potential to fuacilitate futurc space viability and dominance in
2035 and beyond. Space is no longer the final frontier. Space is
the frontier of the future.""
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There are many examples of senior leaders who failed
to understand technology or disregarded its relevance
to the battlefield. In some cases this was due to
conservatism, pride, or even sheer stupidity, but in
most cases it was due to an intelligent, well meaning
leader inadvertently falling into a decisionmaking trap.

ISSUES

Preventing Technological Failure in Future War
Special Operations Training Center: Does 3-Level Maintenance Training Belong?

ontemporary Issues in this edition of the

Journal presents two articles: “Preventing

Technological Failure in Future War” and
“Special Operations Training Center: Does 3-
Level Maintenance Training Belong?” In the first
article Colonel Day contends that the challenge
of avoiding technological failure and
decisionmaking traps in the future intensifies as
the environment becomes more complex and the
processes of change continue to accelerate. He
makes the case that staying current on future
trends requires constant vigilance. Leaders must
proactively face the future and its challenges, and
seek the knowledge to prepare for it. The
implications of not doing so could prove
disastrous. The hope for the future lies in having
adequately prepared leaders who understand
their own shortcomings and the traps they are
prone to, organizations that are set up for cognitive
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and structural diversity, and the right investments
of our current resources to ensure the possession
of the necessary technologies and weapons to
wage war successfully in the nano-battlefields of
tomorrow.

In the second article Colonel Miglionico asks
the question “should the Air Force Special
Operations Command (AFSOC) incorporate 3-
level aircraft maintenance on-the-job training
(OJT) as part of the Air Force Special Operations
Training Center (AFSOTC)? He contends the
current method of providing on-the-job training
(OJT) for 3-levels using out-of-hide resources is
adequate at best and needs improvement. If
resourced properly with ample equipment and
manpower, without degrading the existing aircraft
maintenance organizations’ productivity, then
AFSOTC is a viable option for ensuring 3-level
OJT. He provides a roadmap to do just that.
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Preventing Technological
Failure in Future War

Introduction

What today is a wild notion, based on science fiction,
may suddenly mature into a useful technology with
undreamed of capabilities.

Because of the growing complexity of “weapon
svstems ... and difficulties in disseminating this
information, the potential for a technological failure
{and technological surprise) not only lurks in the
shadow but also becomes larger with time.

—~Azriel Lorber, Misguided Weapons, 2002

aking good decisions can be hard. There are many
examples of senior leaders who failed to
understand technology or disregarded its
relevancc to the battlefield. In some cascs this was duc to
conservatism, pride, or even sheer stupidity, but in most
cases it was duc to an intclligent, well meaning leader
inadvertently falling into a decisionmaking trap. While the
concept of decisionmaking traps is not new, the futurc
environment is introducing an entirely new set of
challenges that arc dramatically altering the way decisions
arc made on the battleficld. In this rapidly changing,
technology charged environment, thc cffccts of
decisionmaking failure will be amplificd and ramifications
far more severe.
To prevent failure, leaders must first understand the
environment by staying engaged through self-study. They

Allan E. Day, Colonel, USAF

must bccome familiar with terms associated with and the
implications of concepts such as nanotcchnology, quantum
computing, biomimetics, artificial intclligence, and
nanobots. Linear thinking must be rcplaced with intuitive
Icaps to account for the exponentially changing global
environment. Thcy must understand how the new flattened
world gives risc to threats and opportunities across the
spectrum from state actors to empowercd individuals.

This article provides insights into the world of
nanotcchnology and its impacts on the future battleficld
environment that will drive decisionmaking today. The first
sections serve as a short tutorial on the future environment.
In the first section, the basics of nanotechnology are
discussed along with working dcfinitions of terms used
throughout the rest of the article. The second section looks
at the interaction of nanotechnology with a number of other
fields such as biomimetics, genctics, robotics, information,
energy. and artificial intelligence.

Following thc discussion on nanotechnology in different
scientific fields, section three provides a discussion about
the changing future environment. It provides a discussion
of linear versus exponential thinking, the effects of
globalization on nanotechnology rescarch, and the growth
of India, China, and Russia as competitors for dominance
in the nanotechnology market by 2035.

Section four then pulls the concepts together to cxplore
the converging trends and the implications on the 2035
battlefield. it then provides a short discussion of four
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competing views about what the future will be like. This general
discussion of the future environment will also provide insights
into the second and third ordcr cffects of nanotechnology on the
future 2035 battlefield based on nanotechnology advancements
and their implications for national defense. With the basies of
nanotechnology understood and the implications and cffects of
nanotechnology considered for the future battlefield, the next
step 1s to consider how senior leadership must respond.

Scction five looks at decisionmaking traps that could lead to
technological failure by disregarding, misapplying, or
misunderstanding technology. This is not failure of technology,
but instead it is human leadership failure to inadequately rcspond
to or understand the game-changing nature of advances in
technology. The section describes nine different traps, giving
examples from past history. and then goes on to provide concrete
ways to steer around each of the decisionmaking potholes.

Section six gives recommendations for disaster-proofing
senior leadership against making bad decisions, especially those
leading to technological failure. It looks first at important aspects
of preparing leaders for sueccss in this new environment, then
looks at developing better organizational strategies, and finally
ends up exploring the best options for investing resources to keep
the United States (US) in a position of technological leadership.

As the environment becomes more complex and the processes
of change continue to accelerate, the challenge of avoiding
technological failure and decisionmaking traps in the future
intensifies. Technological trends coupled with globalization will
drive the world’s economies not on a linear slope, but on an
exponential trajectory. Ubiquitous communication, massive data
storage, unfathomable computer processing speed, intrinsic
artificial intelligence, miniaturization to the atomic level, along
with the pervasiveness of the Internet will continue to converge
to drive technological improvements to a level many are afraid
to consider today. Leaders must not shirk this challenge: they
must face the future and seek knowledge to prepare for it. If leaders
fail to make the right choices today, the ability to gain victory
in future battles will be lost.

What is Nanotechnology?

Although this article is about leadership decisionmaking, leaders
must understand at least the basics of nanotechnology and terms
related to its use as it will have a major impact on nearly every
aspect of the future battlespace. Thus, to make informed and wise
decisions regarding the future, leaders must know about
nanotechnology. Although it is not necessary to be experts on
the cutting edge of science, leaders must understand enough
about emerging technologics to visualize its potential uses and
recognize its dangers. The following three sections will serve as
a short tutorial on nanotechnology 10 assist a senior decisionmaker
in understanding the underpinning technology lueling the
future.

Article Acronyms
Al — Artificial Intelligence
MEMS - Microelectromechanical Systems
NEMS - Nano Level Equivalent Machines
Nm -~ Nanometer
US - United States
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Nanotechnology is defined as “an ability to fabricate
structures of individual atoms, molecules. or macromolecular
blocks in the length scale of approximately 1-100 nanometers
(nm).”" It is applied 10 physical, chemical, and biological systems.
Nanotechnology differs from other technologies in three key and
unique characteristies: size, fabrication techniques, and
interdisciplinary nature.

First is size. Nanotechnology is the next order of magnitude
smaller than microtechnology. In the 1980s and 1990s the
cutting edge of technology was in microelectromechanical
systems (MEMS). The scale of MEMS is from 1-100 microns (10°%).
MEMS enabled numerous electronic, biological, and mechanical
breakthroughs. The nano level equivalent machines, NEMS, are
a thousand times smaller (10°) than MEMS.

The second unique characteristic of nanotechnology is its
method of fabrication. While MEMS are manufactured using the
same etching and building up techniques as the semiconductor
industry, NEMS are so small they go beyond the ability of
standard photolithography to gain the precision required l'or
manufacturing.® This process is significantly more challenging.
Two approaches are used—the top-down approach and the
bottom-up approach. These will be explained in more detail later.

The final unique characteristic of nanotechnology is its
interdisciplinary nature. The fact that all matter consists of atoms
brings home the unique nature of nanotechnology. When
building a structure atom by atom, the macro scale result can cross
the traditional stovepiped scientific boundaries. Scientists can
arrange atoms to form a new structure with properties that could
be useful for new vehicles, energy gathering, or even the human
body. In addition, traditional biological molecules like DNA can
be used to construct molecular electronic circuits to build the
next generation of quantum computers.* At the nanoscale, all
tields ol science are equal and there are no stovepipes.

Top-Down/Bottom-Up Approach

Computer chip manulacturing is a classic example of the top-
down approach. The ability to get more power from the same
silicon waler comes from the ability to pack more and more
transistors in a smaller and smaller area. In the span of a few
decades technology has gonc from vacuum tube to integrated
circuits that provide the power under the hoods of modern
computers. Getting to the nanometer scale in integrated circuits
is becoming more and more challenging using typical top-down
silieon manufacturing techniques.

This challenge is illustrated by Moore’s Law. In 1965, Gordon
Moore. the founder of Intel, predicted that the number of
transistors on a single silicon wafer would double every 24
months and this became known as Moore’s Law.* Moore foresaw
that with increasing precision, smaller and smaller
photolithography mask structures could be developed to enable
smaller spacing between transistors on an integrated circuit.® As
the spacing becomes closer, the computing capacity per unit
space on the silicon wafer increases. The greater the computing
capacity, the more complex computations it can make in an ever
decreasing space.

Military leaders must keep an eye on the trends with respect
to computing power as it is the great underlying enabler for the
design and use of all major weapon systems. Differentiating
between what is possible and what is probable is a key part of
decisionmaking calculus each leader must understand.
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In contrast to the top-down approach, the bottom-up approach
to building computers involves manipulating atoms and
engincering materials from the bottom up just as nature docs.
Thus, instead of trying to shrink lithography technology to ever
smaller limits, it uses the properties of atoms and molecules
themselves to generate switches and transistors. This
nanotechnology is what most refer to as molecular or guantum
electronics and is the “prnimary contender for the post-silicon
computation paradigm.”’

When dealing with particles on an atomic scale, the effects ol
Newtonian physics such as gravity. magnetism, and electricity
“are no longer dominant, the interactions of individual atoms
and molecules takes over.”™ According to Lynn Foster, author of
Nanotechnology: Science, Innovation, and Opportuniry. moving
to a level of 100 nanometers and smaller, “the applicable laws of
physics shift as Newtonian yields to quantum.™ The power and
hence the challenge, is taking advantage of the quantum eflects
and drawing them into the macro world.

Aluminum provides a simple example ol how propertics
change at the atomic level. II a thin sheet of aluminum is cut into
small pieces, the propertics of those pieces are similar to that of
the bulk aluminum until the nanometer level is reachcd—when
the pieces of aluminum will spontancously exptode.'® This
fundamental change in properties of a material at the atomic level
1s being studied by scientists in the fields of chemistry. physics,
materials, medical, and so forth to develop novel approaches o
solving previously impossiblc tasks.

While the top-down approach will cventually have to reach a
physical limit, the bottom-up approach has no such limitations.
Building structures atom by atom opens up the doors to fantastic
possibilities in any field given the right tools to manipulate the
atoms.'" One of the most exciting emerging technologics is
molecular sclf-assembly. This involves building molecules using
engineered viral strains and basic human self-assembly elements
to grow certain molecular structures.'” In the arena of clectronics,
building circuits using this approach is likely the next paradigm
beyond integrated circuits.'?

Foster articulates five reasons molecular clectronics will be
the next paradigm for the continuance of Moore’s Law. The first
reason is size. In 2002, IBM built a “three-input sorter™ 10
“arrange carbon monoxide molecules precisely on a copper
surface.” This circuit is 260,000 times as small as the equivalent
circuit built in the most modern chip plant.”"

The second reason is power. Transistors are incflicient and
generate cxcessive heat when performing opcerations. This is in
contrast to human brains that are 100 million times as efficient
in power and calculation as our best processors.™* While human
brains only operate at | kHz, they are “massively interconnected
and folded into a 3-D volume.™'® This means that the measure of
merit is not necessarily going to remain clock speed, the number
of calculations per second, but may move to the number of
calculations per unit volume. The third reason is manufacturing
cost. Manufacturing molecular electronics can be built through
*spin coating or molecular self-assembly ol organic
compounds.”" Instead of being engineered from the top which
requires ultimate precision, molecular self-assembly will not
nccessarily be ordered and precise as top down precision is
understood today. The atomic forces themselves will dictate the
shape and form of the circuitry as it builds from the bottom up.
The ability to start a process and allow the circuitry to build itself
could significantly decrease manulacturing costs.
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The fourth reason is low-temperature manufacturing. Since
much of molecular manufacturing may involve the use ol
biological molccules, the manufacturing process will proceed
at room or body temperature versus “1000 degrees in a high
vacuum™'* requircd for silicon processing. This opens up the
possibility to use cheaper plastic substrates to grow these
molecular clectronics.

Finally, Foster writes that the molecular electronic solutions
are inherently digital and nonvolatile. This is far superior to the
top-down, inherently analog. and Ieaky solutions that try to
approximate digital methods and nonvolatility."

One can sce that nanotechnology will form the basis of most
of the technological advances in the future. The ability to form
materials and structures atom by atom will have wide ranging
applications that have serious military and national seccurity
implications. Maintaining awareness of this exploding rescarch
arca must be a part of every leader’s crosscheck.

Converging Research with
Nanotechnology

Because of its atomic-level character, every field of science has
been impacted by nanotechnology. One of the most unique
aspects of this power of the small has been the convergence ol
scientific fields. Scientists have rediscovered the homogeneous
nature ol science at the molecular and atomic level. This means
discoveries at the atomic level in biology, engineering, or
chemistry can be directly translated over to other fields like
medicine. Medical needs. such as helping wounded soldiers. can
drive teams of rescarchers together from a number ol disparate
Niclds to arrive at solutions to complex problems.

This section looks at a series of key uareas where
nanotechnology could have its greatest impact on the future
battlefield environment. These key areas include biomimetics,
genetics, robotics, information, cncrgy. and artilicial
intelligence. Senior leaders must stay tuned i 10 developments
in thesc nano-lields to make informed and accurate decisions
about investments and what these technologies mean for the US
and her enemies.

One particularly telling example ol the crossover between
different ficlds of science is biomimetics. The science of
mimicking systems found in nature with things made in the
laboratory is known as biomimetics. It has produced a whole host
of technological breakthroughs through the years. For instance,
the repellency and self-cleansing aspects of lotus flowers inspired
new coating technologies now called the lons effect. Scientists
used the concept of echolocation discovered i bats to develop
sonar and radar as well as sonograms to view inside humans.® In
ancient times the study of birds inspired Mights of fancy such as
that of Daedalus in Greck mythology and carly aero engineers
such as da Vinci whose Codex on the Flight of Birds.”* provided
his translation ol bird flight into machine technology.

Today, miniaturized acronautics and computer technology
have spawned the ability to build 1Tying machines that even da
Vinci never dreamed of. The merging of energy. propulsion,
computation, and aeronautics on the micro level has resulted in
acro vehicles the size of dragon flies with mosquito-sized vehicles
on the way.* The ability to produce miniaturized 1lying vehicles
opens the door to miniature payloads as well. In his review of
many of these amazingly small air vehicles, William Davis has
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explored the potential military uses of nano air vehicles which
measure less than 7.5 centimeters and weigh less than 10 grams.™

The future missions of nano vehicles are only limited by one’s
imagination. Clearly intelligence gathering, surveillance, and
reconnaissance will bc key mission arcas. But many others can
be imagined. For instance, with a structure madc of explosive
material, the nano air vehicle could be the ultimate in precision
weapon when coupled with object and facc recognition
tcchnology (available today) and autonomous control. A nano
air vchicle could be relcased and sent to find its target in a
nonpermissive, Global Positioning System (GPS) jammed
environment. These nano air vehicles could also be equipped
with biological and chemical sensors for use in a battle damage
assessment or for post-weapons of mass destruction (WMD) clean
up operations. In a failed state scenario, a swarm of nano air
vehicles could provide insight into the spread of discase and even
administer inoculation.*

Biomimetics is also spawning research into better
understanding the human being—everything from decoding the
human genctic fingerprint, to replacing war damaged or defective
body parts through robotics, to mapping the brain functions. The
miniaturization of transistors and computing technologies has
been uscd to mimic the synaptic firing of brain components.*
By mapping the brain’s functions, replicating its most basic
componcnts, and using massive computing speeds similar to
those of the brain, it may be possible to produce a working brain
made of silicon chips. Several research centers, such as IBM’s
Blue Brain project, Howard Hughes Medical Institutes’s Janelia
Farm, and Harvard’s Center for Brain Science, are working on
this challenge.® The further along this path of brain replication
the researchers go, the morc possiblc it bccomes to degrade or
improve the function of the brain which will have significant
battlefield implications. And this example represents just one
small area when comparcd to the vast promise that comes from
nano sciencc. While biomimetics seeks to understand how to
replicate any part of nature including humans, human genetics
research hones in on the fundamental molccular processes that
produce the human body and allow it to function.

In 2003, the Human Genome Project complcted its 13-year
effort to understand and sequence humanity's most basic genetic
building blocks.”” While a detailed discussion of genetics is
beyond the scopc of this study, a basic understanding of the key
elements and the impacts of the completed genome project is
warranted, as the force of this massive undertaking will be felt
for years and will impact military operations.

From a biomimicry standpoint, understanding the basic
functions of human life can hclp replicate and manipulate the
human body’s most important components using artificial means.
Scientists have been able to grow engineered human tissue using
adult stem cells to form body parts that can be transplanted into
a human body without the use of antirejection drugs. Military
researchers have recently found a way to regrow the tip of a finger
with plans to regrow damaged limbs.*

The more researchers work to solve the puzzles, the more
synergy and the faster the solutions come. One of the goals of
the genome project was to provide the information gained to the
private sector. This puts the power to do research, creatc new
tissue, discover curcs, and understand how lifc can be extended
into the hands of the world. As in most things, the power to do
great good is coupled with thc power to do great harm. Where
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some see an opportunity to improve humanity, others see an
opportunity to hold humanity hostage or gain an advantage by
creating new incurable diseascs or other destructive effects using
this same technology. Therefore senior leaders must stay
cognizant of the advances in genetics since much data and
capability will flow from the medical side to the military side
with ramifications from the tactical to the strategic lcvel of
operations. With increased understanding of how humans are put
together, scientists have sought to build robotic imitations that
replicate various functions of the human.

Robotics is alrcady impacting the battleficld and will only
become more important in the future as robots get smaller and
more capable. This fact means senior leaders must understand
the fundamentals of robotics and keep up with the breakthroughs
as they happen. Macro level robots are already a standard part of
the requirements to do DoD’s mission. They are used for acrial
reconnaissance, forward sensing around comers, on ordnance
disposal teams, and even for performing remotc surgerics.™
Remote surgery can bring lifesaving capability to anywhcre in
the world. The ability to have the world’s best available doctor
perform a vital surgery via satellite link using a medical robot is
not the stuff of science fiction, it is here today—in fact it has
been in use for nearly a decade.

The real excitement (or potential concern) in robotics begins
to take shape at the micro scalc and below. On this scale scientists
are already working on swarm technology to control vast hordes
of miniature flying and ground based sensors. Below the micro
scale to the truly nanoscale robotics, the possibility of another
nanotechnology Holy Grail. self-asscmbly. comes closer to
rcality. Professor Carlo Montecmagno, of the University of
California, Los Angelcs has brought together biotechnology and
nanotechnology in a very unique way. He used rat heart cclls to
grow muscular tissue over a silicon nanostructure to produce
miniscule robots less than a millimeter long that “can move
themselves without any external source of power.™"' According
to Montemagno, these robots are living organisms that grow and
multiply because they are alive.” On an even smaller scale
rescarchers are developing nanoscale robots, or nanobots, that
can movc in a spccific direction along a path. For example,
scicntists from the University of Oxford “*have created a two-
legged, nanoscalc robot that can walk unaided along a single
strand of DNA morc efficicntly than all previously created
nanobots.”™ The ability to create a robot of this size now opens
the door for other research to combat disease or mitigate chemical
or biological effects at the cellular level.

In the medical world, nanotechnology is being used to find
and target particular bad actor cells. Scicntists are using
nanoscalc crystals that emit different colors of light when
irradiated with energy, to find cancer cells even in very small
concentrations. Once found, these cancer cells can be specifically
targeted. While still a few years into the future, nanobots are
being developed to be injected into the human body to target
and apply a dose of chemotherapy cure directly to these
malignant cells. This type of precision strike could dramatically
improve cancer treatment success rates and reducc the
devastating effect of cancer trcatment on the human body.

From a national security standpoint, nanobots that can find
and target malignant cells would also be capable of targeting
other cells. The possibility of self-replication combined with
programmable nanobots that targct certain types of human cells
creates a very challenging scenario to consider for future
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adversary tactics. While much of the research on self-replication
and nanorobotics is still in its infancy and primarily in national
level laboratories, the next topic, information technology, is not.
It has already moved down to the nonstate actor and individual
level.

Information flow has changed in both form and forum over
the past two decades and will continue to change in the future.
Staying connected has gone from writing letters (now known as
snail mail). to sending e-mail, to texting. Social interaction that
used to be handled face-to-face or over the phone, has now moved
1o writing on cyberwalls™ at social Web sites like YouTube,
Facebook, Twitter, and others.

Whilc much that takes place using these cyber-walls is
harmless fun interaction, these same cyberwalls have become key
to understanding how networks grow and respond to inputs.*
Most of the ncws networks now have a Web presence because
print news and evcen broadcast news cannot kecp up with the
flood of information availablc on the World Wide Web.

As terrorists and other adversaries move operations to thc Web,
thcy can becomie stealth entities, coordinating actions. striking,
and withdrawing without leaving many clues to foltow. Because
of the availability and the low cost of these information tools,
they are available to anyone with an Internct connection and a
minimal knowledge of how to operate in the info sphere. Terrorists
have used cyberwalls to organize themselves and uplink
grucsomc footage of brutal killings, beheadings. and other
despicable activities to bring aticntion to their cause.

As more personal, medical, and professional information
becomes digitized and available online, vulncrability to cyber
attacks from state and nonstate actors increase. A recent example
of the dcvastating nature of a coordinated cyber attack was when
Russia brought down key Georgian Web sites just prior to
invading in the faft of 2008.* tn November 2008, cyber attacks
on the Pentagon resulted in a DoD-wide ban on external
multimedia and USB drives in DoD systems because there was
cvidence that an infected USB drive inserted into a DoD system
caused a vulnerability. These two recent high-visibility attacks
highlight just how vulnerable digital media can be to a
knowledgeable adversary. Thwarting these attacks is a full-time
job for cyber warriors because new and innovative threats are
being developed every day. There is no doubt information
protection will have to be a major portion of every major decision
carried out today and in the future. Without secure information
flows, decisionmakers will bccome severely handicapped.

Nanotechnology may provide both a problem and a solution
to information protection. Information protection today relies
on data encryption. Today encryption kcys are 128 or 256 bits
long, forcing a computer to solve for every permutation and
combination of potential options to arrive at the key. Quantum
computing will break this paradigm as it could break today's best
encryption keys in a fraction of a second. This will be a total
disaster for the information security of the entirc world once the
first quantum computers arrive on the market.

Nanotechnology rescarch has also provided a potential
solution called quantum entanglement. In quantum
entanglement, pairs of photons, or gbits, are linked to each other
such that a change in state of one photon of the pair results in the
same exact change in the state of the other photon of the pair
regardless of the distance betwecn them. How this phenomenon
works is still unclear, but researchers are developing uncrackable
quantum encryption codes using quantum entanglement.”’
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With quantum entangiement, data may be secure from hackers,
but the cyber war will continue as new viruses. Trojan Horses.
and other malware continue to probe US cyber defenses for cven
the smallest defects. The ability to maintain a leading edge in
nanotechnology research and to respond quickly and effectively
in this emerging infosphere, will determine failure or success in
future wars that use this technology. The willingness of one
leader to accept risk in the information sphere can have a
dramatic effect on the entire network. Because the US and other
nations rely so heavily on the information networks and require
them to sustain daily operations in peace and war, this is an arca
every senior leader must understand. As information nctworks
enable more of the world to engage in the market, the quest for
energy will become greater as well.

Energy generation and storage will play a major role in future
conflicts. As globalization brings more people out of poverty
and into market economies, the energy requirements to fuel the
massive worldwide industrial comptex will double the current
requirements by 2030.% The rapid growth of China, India, Russia,
and other smaller nations will drive an cver increasing need for
these limited resources and lead to conflict. Nanotechnology is
playing an increasing role in solving the future needs for energy
generation and storage. but without significant investiment,
cnergy will still be the major source of conflict in 2035, Senior
leaders must stay tuned to changes in the energy landscape to
ensure the US can meet its encrgy demands in the future regardless
of where conflicts arise. After energy, the final area that will
directly impact the battleticld and hence. the decisionmakers of
the future is antificial intelligence.

In many ways, the quest for artificial inteffigence (Al) brings
together all the concepts discussed thus far—biomimicry,
genetics, robotics, information, and energy—to inform rescarch
into making intelligent machinery. The ultimate goal of most
Al researchers is to achieve a machine that can match or exceed
the thinking capabilities of a human. Once this happens, human
decisionmaking will be challenged by machine decisionmaking.

As nanotechnology enhancements bring more computing
power and these ever more powerful computers become more
pervasive. they also become much more indispensable. Today's
society already relies on intelligent machincs to take in volumes
of data from muluple sources, collate it into logical informative
catcgorics. and provide the optimal course of action. Massive
supercomputers model the effects of nuclear detonations and the
sprcad of weapons of mass destruction, as well as provide the
optimal courses of action based on alt source intelligence.

As machines become more capable of niaking projections and
are scen as providing better outcomes than even the smartest
humans, their results will be used as the benchmark to measure
human performance. Today, many human-centric processes have
now been obviated by machines. As the number of human
operators and analysts gets reduced. senior lcaders will be
compclled to rely almost solely on synthetic analysis from a
computer.

As morc biological processes are modeled and programmed
into software, the ability to mimic nature will continue to
advance. Alrcady machincs have been programmed to simulate
numcrous scenarios to test human skills. Advanced Al research
has enabled the move to virtual training. The ability to produce
synthetic realism in flight simulators, law enforcement training,
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and surgical procedures training has both reduced the costs of
training, but it also has increased its effectiveness. Virtual
training is now becoming ubiquitous and has taken over for
hands-on training in many areas. The Air Force has even used
computer simulation to provide interactive cultural awareness
training to all of its personnel.

As the artificial environment becomes more realistic through
advancements in Al converged with nano-enhanced tactile
sensors, robotics. and information technology, the ability to
provide realistic scenarios between dispersed personnel can only
increase. While this will surely enable training opportunities, it
will also enable dispersed adversaries similar capabilities to
converge their disparate numbers on a single domain for training
and in somc cascs, execution.

As scientists get closer to creating a machine that thinks equal
to or better than a human, the battlefield environment will become
much more challenging for anyone not having this type of
capability. The ability to leverage the advances in Al and virtual
reality training will be the mark of a successful futurc leader. To
leverage this type of technology, one must actively follow its
development. Senior leaders must maintain a close watch on
progress in Al as it is advancing in both the private and public
sectors and could easily emerge in the hands of an adversary and
bring a significant advantage at low cost.

Exponential Thinking and Globalization

In the future, leaders must think differently if they are to be
effective decisionmakers. The combination of exponential
acceleration and globalization will drive a dramatically different
future that many senior leaders are unwilling or afraid to consider
today. The smug attitude behind the phrase. “I am an analog guy
living in a digital world™ will not suffice in this future

environment. According to Stephen Shambach, Director of
Leader Development at the United States Army War College,
“strategic leaders must possess a broad understanding of relevant
military technologies and understand how advancements in each
of these technologies can be incorporated ... to permit continued
advancements in combat effectivencss and efficiency.” He goes
on to state that technology is like a two-edged sword—with
increased capabilities come new and different vulnerabilities.
Thus, the fact that technological breakthroughs can enable more
effective combat power for the nation is coupled with the fact
that this same increase in technology can drive asymmctric
advantages to America’s enemies. Here is where the
understanding of the future convergence of the exponential
growth of nanotechnology and globalization becomes critical
for senior leadership.

Law of Accelerating Returns: Linear
versus Exponential Thinking

Most humans think linearly. Senior leaders are notorious for
making pragmatic, ploddingly linear decisions cspecially when
faced with breakthrough technologies. Bureaucracies exacerbate
the problem as they are driven to maintain status quo and prevent
disruptive course corrections even in the face of direct evidence
for dramatic change. Why? From observations in the past, it is
easier to project the future using a linear extrapolation from today
and use that same line of thinking in the futurc. When two points
on a straight line are known, one can solvc for the future. As a
method of making future prognostications, straight line
projections tend to be forgiving. kind. and comfortable. That is
why they are used so frequently. Unfortunately, they are also very
dangerous when the future end state is not anywhere near the
linear end state.

Leaders must learn to

think cxponentially.
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this eyele to the point that it 1s now institutionalized across the

A Maximum Penetration entire world. To maintain its growth, Microsoft needs to eontinue
0 8 S T 5 O . A g building new innovative produets that will extend its eurve. S-
= curves are useful for showing other trends such as applied effort
.9 versus advaneement as shown in Figure 4.
E This type of eurve shows significant effort is required to
-~ advanee a technology in the early stages of its life. then, just after
Q the tipping point, a technology will advance rapidly without
= significant investment in effort. After market saturation, the curve
nq: bends over and begins to flatten. Significant effort is then needed
g to push that partieular technology further. Also shown in Figure
= 4 is an illustration of what happens when a new breakthrough in
Q teehnology in a related field causes an advancement of
E momentum. This new advancement continues the previous S-
& ’ eurve as it starts at the tail and eontinues to advance from there.
Time
Figure 2. Generic S-curve T
. Internalization
maturity reaches the point where it takes off on the exponential
rise. Assumptions made during the linear portion of the growth
eurve will not just be a little wrong; they ean be catastrophieally -
deeeiving when eonsidering the eventual end state. Another S
aspeet of an exponential growth eurve is that small actions taken =
or investments made in the beginning of the growth eurve ean =
have dramatie effeets on the eventual outeome. E
When it eomes to understanding the exponential growth of o Understandin
technology, one must also understand the concept of S-curves. &)
The generie S-Curve shown 1n Figure 2 depiets simple market
penetration of a new teehnology. Awareness
The lower end of the S-eurve shows the time a new technology Contact
spends in invention. development, and market evaluation. As a
new technology is adopted over time, it moves along the S-eurve »

and gains market penetration slowly. At some point, the Time
technology hits a Gladwellian ripping poinr'' and takes off. The

market penetration rises rapidly until market saturation or arrival Figure 3. Labeied S-curve Stages of Commitment Over Time
of a competing technology.
The curve flattens,
illustrating a time of
diminishing returns.

Figure 3 provides a
lubeled depiction of this same
eurve deseribing time versus
eommitment.*

It ean be seen that as
time moves to the right,
commitment to a new idea or
teehnology grows slowly at
first as the awareness spreads.
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The result of this type of S-curve cascade is an exponential curve
as each successive S-curve is propelled faster and reaches higher
than the previous S-curve. The end result is an acceleration of
advanccment for key technologies. As the S-curves cascade, it
takes less effort to gain more advancement to a point when
the resulting exponential eurve can theoretically reach a point
of vertical growth when a technology could advance without
applied cffort or human intervention.

Based on the accelerating S-curves model, the future cannot
be predicted using simple linear extrapolation. Exponential
thinking forces leaders to think of the future as a complex
interaction of multivariablc equations that will drive out
certainty and insert risk in their projections. Risk is inherent in
every problem, but the ability to define risks and reduce them
will be directly proportional to one’s ability to think
exponentially. Not only must senior leaders think exponentially,
they must think globally.

Globalization Effects: Low-Cost
Manufacturing and Cheap Technology

Globalization is defined as “the process by which the people of
the world are unified into a single society and funetion
together.™ Thomas Fricdman describes it as a “flattening™ of
the world. While therc are other descriptions that may apply, in
its most basie form, globalization entails the interconnectedness
between people around the world.

The process of globalization has been enabled and enhanced
by many factors, but Friedman points out one of the biggest
factors was the massive $1T effort to “wire the world™ with fiber
optie cables.* Fiber optic communication coupled with
ubiquitous, low cost computers, telephones, and market-driven
competition served to draw more and more of the world’s
population onto the Internet. Onee there, business
interactions became possible and companics reached offshore
to outsource their service sectors to cheaper labor markets. For
example, the ability to tap into thousands of graduate
students and computing experts at bargain prices aeross the
oceans in India and Malaysia caused companies like Dell and
HP to outsource their call centers. Many other companies have
followed suit.

Globalization will continue to have a dramatic effect
on the future environment—economieally, technologically,
socioculturally, and politically.* The recent economic meltdown
experienced in America had an equally deleterious effect on the
rest of the world’s financial markets duc to this massive
intcrconnectedness. Similarly, the entire world watched the 2008
American presidential clection with rapt attention as they knew
it would have a direct effect on them as well.

The impact of globalization on the future operating
environment of 2035 can be looked at through a number of
difterent lenses. The following analysis will focus on the nature
of globalization and how it will change the world stage in the
future and thereby impact the decisionmaker’s global frame of
reference.

Globalization’s power and impact has had its most visible
effects in the economic realm through the lowering of trade
barriers and enmeshing of markets. In his book, The World is Flat,
Thomas Fricdman provides insight into what he sees as a
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progressive flattening and shrinking of the world. He suggests
the world has moved from Globalization 1.0 which, from an
American perspective, began in 1492 when Columbus sailed to
the Americas to open trade routes. This phase of global
integration dealt with states expanding their trade agreements
between other states. From 1800 to 2000, Fricdman suggests a
new era, Globalization 2.0, began with the industrial revolution
and the advent of multinational corporations. As transportation
and telecommunication capability increascd during this phase,
the cost of transporting goods and communicating between
countries decreased dramatically, accelerating the rise of a vast
global cconomy. At the end of this era, we see the beginning of
e-businesses as the Internet becomcs ubiquitous. Beginning in
2000, Friedman describes a distinctive change in the nature of
globalization to what he calls Globalization 3.0 or the rise of the
empowered individual. This new cnvironment is built around a
flattened world and underpinned by “thc combination of the PC,
the microprocessor, the Internet, and fiber optics.™’

Looking at the move from Globalization 1.0 to Globalization
3.0, there arc a number of obvious trends. First, each phasc has
become more specific—from state-to-state interaction, to
multinational corporations, to empowered individuals.
Individuals can now interact using text, video, and avatars
(virtual digital represcntations) with other entities (human and
machinc) all over the world via high speed fiber optie networks.**
Second, the rate of change has also increased. Globalization 1.0
lasted just over 300 years. Globalization 2.0 was 200 years. If
the trend continucs, there could be a more specific globalization
phenomenon beyond Globalization 3.0, where the empowered
individual becomes the empowered machine-enhanced human
or cyborg in 50 to 100 years. This merging of machine and man
fits with observations from the above discussions of biomimicry,
robotics, and genctics. Ray Kurzweil predicted this combination
of man and machine nearly 20 years ago and callcd it the
“singularity.™

The move from Globalization 1.0 to 3.0 also shows the rise of
threc nations that many predict will rival or surpass the United
States” share of thc global marketplace—India, China, and
Russia. This has serious national security implications. How
should America look at these emerging superpowers? Basically
there are three options—threats, customers, or opportunitics.™
The negative view would see these rising powers as threatening
competitors with aggressive intentions that could destabilize the
world balanee of power. This view would put them on an axis of
evil list and potentially drive them further down an adverse path.
A second, more encouraging view would scc these three populous
nations as an opening to a larger trade market with a huge and
growing potential customer base. The third view would see the
growing power and influence of thcse three nations in their
regions as an opportunity. The interconnectedness of all nations
could facilitate burden sharing. Taking this morc positive
approach to research. development, manufacturing, and security
with each rising state actor able to pull its own weight 1o benefit
the whole, could result in a more peaccful multipolar world.

United States’ leaders must be cautious of treating all rising
powers as threats. In just over a decade the formerly opaque
nations like China and Russia have bccome more translucent as
they open up their borders to new trade opportunities brought
forth by globalization. If former arch enemies can become
members of the World Trade Organization and active partners in
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the global marketplace, then any country can. While the US must
keep an open mind to opportunities, it must also keep both eyes
open. The US cannot look past elear threats from these or other
rising powers nor can it assume a rising power is automatically a
threat. US Icaders must have a balanced approach to foreign
policy in this [Nattened world, but they must also understand how
the nonstatc actors like international corporations and
individuals are being empowered by this new cnvironment.

Ubiquitous communication and globalization has redefined
how international corporations and businesses form and organize.
Businesses no longer need to have large olfice buildings to
opcrate. Individuals can organize into flexible organizations that
lorm themselves based on the problems they come together to
solve. Expertisc can be harnessed from anywhere in the world to
tackle tough problems. Companics now can keep a very small
cadre of core business managers and outsource key expertise as
required. In this type of fast paced environment where deals are
made, problems are solved. and money changes hands all in the
digital realm, the ability to maintain dominanee using
conventional thought processes and linear thinking would put
a country woefully behind the power curve. Individual leaders
must be enabled and empowered to operate in this new, more
horizontal environment. While globalization brings with it many
opportunities, it also brings many challenges. The leaders that
stay engaged and informed about the rapidly changing global
environment will be effective and relevant: those that do not,
will no longer have the capability to lead effectively.

Future Key Players in the Nano Marketplace: India,
China, Russia

India. China, and Russia have come to realize the value of
nanotechnology and are using their education prowess, in
varying degrees. to wrest control ol the nanotechnology market
[rom the United States. Senior leaders must understand the nature
of the rise of these key players to make accurate decisions about
the future global environment.

India is increasing her nanotechnology researeh budgets and
seeks to increase her economic well-being, but also wants to use
nanotechnology to serve her people. India invested $250M in
starting a national nanotechnology initiative to coordinate
national efforts. From the private sector, the cofounder of
Hotmail, Sabeer Bhatia, has invested heavily to “build a
multibillion dollar nanocity™ in northern India.”' Rachel Parker.,
a University of California Young Scholar points out that the focus
ol the nanotechnology research in India is not on weapons
technology, but is primarily on social assistance for India’s
preindustrial age population. Nanotechnology research will focus
on improving agriculture, health, and poverty as well as reducing
air, water, and soil pollution.*

According to Alexis Madrigal's reporting on Chinese
nanotechnology, China aims to “leapfrog the United States in
technologieal development™ by 2020.%* Forbes.com writer, Josh
Wolfe, suggcests that China is putting her money behind her
desires. In 2005, China was number two behind the United States
in nanotechnology research investment reaching the “equivalent
of $1.11B, eompared with $1.57B in the United States.”™ China
also came in second to the United States in the number of
“published, peer reviewed journal articles on nanotech.™
China’s large numbers ol students in the United States and
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elsewhere have undoubtedly fueled her innovation and prolilic
publication capability.

Russia has realized the potential lor nanotechnology only
recently and has begun a massive effort to catch up. In 2007, the
Russian president signed ofl on the start ol a multibillion dollar
efTort to build a world class nanotechnology infrastructure by
2015.% Russia is trying to overcome the 10 to 15 vear head start
that the West has had in this vital technology arena. To leverage
other expertise, Russia signed a nanotechnology cooperation
agrcement with China in November 2008, which 1s sure to Kick
start its program. Russia has also put in place a massive ramp in
planned yearly spending that goes Itom $730M in 2008 to
$1.48B in 2015. There is no doubt Russia wants to be a player in
the global nanotechnology market and is posturing to get there
quickly.

Itis clear from the discussion that all three of these emerging
major powers have seen the significant opportunities available
with nanotechnology. In addition. each country has invested
heavily in building their capabilities to achieve parity or
overmateh with US eapabilities. The key take-away Tor US
leaders is this is a very competitive field and one that has war-
winning implications. The US senior leaders must readily accept
the responsibility to understand and maintain a working
knowledge of the disparate fields of nanotechnology to enable
success in the Tuture. It is clear that others are already doing so.
While the US enjoys a significant head start in most of the areas
of technology discussed in this article, a few vears of low
investment in key technologies could change the entire race.

Nanotechnology: Future Implications and
the Nano-Enabled Battlefield

[Our adversaries| may develop disrupnve technologies in
an attempt to offset US advantages. For example, the
development and proliferation of anti-access technology
and weaponry is worrisome as it can restrict our futnre
freedom of action.

~National Defense Strategy 2008

[aln officer’s effectiveness and clance for success, now and
in the futnre, depend not only on his character. knowledge.
and skills, but also, and more than ever before, on s ability
to understand the changing environment of conflict.

~General John R. Galvin®

Views of the Nanotechnology Future
Scnior leaders serve the national interest by preparing for the
future. As stated previously. predicting the future is challenging
especially when considering the rapid worldwide advance of
technology and innovation. Leaders must understand how their
outlook of the future can influence their decisionmaking. The
following discussion will provide a framework of four disparate
views of the future. These views can assist the senior leader in
identifying how they or others around them may be predisposed
to a certain set of decisions based on their view of the tuture
operating environment.

Joel Garreau, in his book Radical Evolntion, provides four
main scenarios or viewpoints to describe the future.” These
viewpoints—singularity, heaven, hell, and prevail

are

39




espoused by prominent futurists to deseribe the coming nano-
enabled future and its impaet on the human world. Each has
strong advoeates that espouse their viewpoints with an almost
religious fervor. When vicwing the future nano-enabled
battleficld from eaeh of these perspeetives, it is possible to see
how the seeond and third order effects of nanoteehnology could
play outin the 2035 environment. As senior leaders consider each
of these futures, it is not important to completely agrce with a
particular future, but to see where their own preeoneeived notions
of the future falls within these seenarios. This eould lead to
diseovery of a bias that eould then affect decisionmaking.

The first view of the future is called the Singularity and is
espoused by Ray Kurzweil. ® Kurzweil is one of the 21" ecntury’s
most revered futurists beeause of his past aceuraey and his ability
to bring together complex and disparate technologieal trends and
build them into a viable futurescape. In The Singularity is Near,
Kurzweil provides insight into the acceleration of teehnologies
that are driving this future world. He describes the future when
humans and machines will merge in the “Singularity.” At that
time, “there will be no distinction ... between human and
machine or between physical and virtual reality.” The basis of
his argument is the exponential growth curve. In a 2001 artiele
entitled, “The Law of Aceelerating Returns,”” Kurzweil states that
the eeconomy will eontinue to drive the technologieal advanees.

My projections rcsult from a methodology bascd on the dynamics
underlying the (double) exponential growih of technological
proccsses. The primary force driving technology i1s economic
imperative. The technology is moving toward machines with human
level intelligence (and beyond) as the result of millions of small
advances. each with their own particular economic justification.™®

These advances come from across the spectrum of scienees—
biology. ehemistry, physies. roboties—all eonverging to
eventually allow humans to live forever beyond the singularity.
This is not a godlike immortality of the physical being, but is
the ability to map, store, and recall all of the information from a
person’s brain. Or to put it into Kurzweilian terms, today, when
the “human hardware dies, the software of our lives dies with it,”
but in the future, people will be able to store and restore their
“mind files” whieh are their “personalities, skills, memories™ to
allow their software-based selves to live on forever.*

The seeond view is termed the Heaven seenario. As its name
entails, the Heaven seenario sees the coming nano-enabled world
in a positive light. Kurzweil is one of the main proponents of
this viewpoint. He sees the press toward the singularity as not
only inevitable, but wholly a positive thing. From his standpoint,
the future is eharacterized by nearly “unimaginable good things™
happening in the world. Through nanotechnology poverty and
disease will end while improving the eapabilities of the human
being. New nano-enabled humans will be more beautiful and wise
than they are today and have eharaeters defined by “love, truth,
and peaee.”™ The predictions of the past that seemed impossible
arc not only possible, but are “routinely exeeeded.”® The growth
of teehnology, while rapid. remains in eontrol.

The third view is ealled the Hell seenario and is Heaven’s evil
twin. The main proponent is, oddly enough, William N. Joy.
William Joy is the cofounder of Sun Microsystems. While he
agrecs that the future will be driven by the same technology
espoused by Ray Kurzweil, his prediction of the outcome is
exaetly the opposite. Bill Joy read some of Kurzweil's early work
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that described a future where machines gain intelligenee and
become autonomous thinkers. As these machines also have the
ability to self-replicate, they can easily go from being human
servants to becoming human masters. From Joy's perspective,
the eoming evil is inevitable. New threats like nano-enabled
biotcrrorists and self-replicating nanobots will directly threaten
the existencc of the human race.

The eharaeteristies of the Hell seenario are that “unimaginably
bad things” begin to happen. Large portions of thc human race
are destroyed along with much of the biosphere. The horrors from
“scienee fietion are routinely exeeeded.” Technological
advances continue to propel both state and nonstate aetors
against cach other as they clamor for a better position in a hostile
world. In the Hell seenario, humans will no longer have the
control and power to stop the increase of technologieal advanees.

The final view is aptly called the Prevail seenario because it
is hopeful yet cautious. The main proponent, Jaron Lanier, is best
known for inventing and propelling “virtual reality.”®®
Aceording to this viewpoint, the future world is driven by
humans, not machines. Humans eontinue to find a way to
surmount seemingly impossible obstacles, even nano-cnhaneed
super viruses. The aeceleration of technology may or may not
continue on its meteorie rise based on ehoiees humans make to
pursue or not pursue a particular technology. Uneertainty is a
vital part of this seenario, beeause it provides the ability for
humans to interact with the growth of tcehnology, not sit baek
and wateh it take eontrol over the world. As John Smart, founder
and president of Aceeleration Studies Foundation, stated in his
leeture at the Air War College, humans will still have the “ability
to put up roadblocks™ to negative change.®”

A Look at the Nano-Enabled Battlefield

No mattcr which view of the future one favors, it is obvious that
nanotechnology will ehange the face of warfare. The new
environment will require a leader to be more technieally aware
and able to make deecisions faster using machine assistanee (o
collate huge amounts of data into aetionable information. The
trends toward unmanned systems will eontinuc to grow. The
convergenee of biomimeties, geneties, roboties. information
technology, energy, and artifieial intelligenee will bring more
machines to the battleficld and may obviate the need for human
presence on the front lines by 2035. The emergence and spread
of robotie vehieles and machine-enhaneed humans will
dramatieally ehange the deeisionmaking ehallenges for the
human leaders. If one eonsiders just the concept of mini
unmanned aerial vehieles (UAV) and enhaneed humans, they will
see the massive changes requirced in the leadership mindset for
the future.

In the world of UAVs, the push will be to make them smaller
and stealthier. As they become more pervasive, they will need to
be more independent to ensure they can operate in this ever
tightening airspaee.” In the eoming deeades, miero air vehieles
the size of a musie box will beecome nano air vehieles the size of
a dragon fly. Aeeording to Timothy Coffey and John
Montgomery. the smaller the techonology goes thc more
challenging the physieal requirements are going to be.
Speeifieally, “power and propulsion beecome the dominant
componcents of the weight budget.”* Beyond that, seientists must
solve the diffieult ehallenges of low Reynold’s number flight
and materials eonstraints if these UAVs arc going to fly. Already
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several rescarchers have had suecess at producing micro air
vehicles with some flying vehicles weighing less than an
ounce.”

While highly-coordinated swarms of nano air vehicles the size
of mosquitoes may not be possible until beyond the 2035 horizon,
most certainly micro air vehicles will be commonplace on the
battlefield.”" A micro air vehicle could provide a whole host of
options for battlefield commanders such as optical, infrared or
multispectral reconnaissance, close-in jamming, chemical or
biological sensing, and signals colleetion.” The convergence
of robotics and nanotechnology into a micro air vehicle will allow
many, low-cost sensors in the same air space. As deconfliction
algorithms and swarm technology are developed, a single
operator will be able to control massive numbers of smaller
vehicles. The new battlefield will be able to be surveyed without
putting people at risk. Battle damage assessment will be quick
and effective. In addition, a disease-ridden failed state could be
surveyed with these micro air vehicles to determine what diseases
are there and even provide a map of the spread of the disease.
These types of capabilities will become more and more available
as the cost of the technology decreases.

The cutting edge micro and nano air vehicles will come into
the market at prices much lower than today’s multimillion dollar
Global Hawk, Reaper, and Predator. While each individual mini
air vehicle may not match the capability of today’s high flying
macro UAVs, the combined effect of the swarm will provide a
broader, multispectral view of the battlefield with much better
resolution because they will be able to fly closer to the carth.
Micro air vehicles will become commonplace by 2035—proven,
reliable, and pervasive, but being replaced by more powerful,
highly advanced, nano air vchicles. While nano air vehicles will
initially be more costly than micro air vehicles, they will be but
a fraction of the cost per vehicle of today's technology.

The low cost of these vehicles will allow them to be sent into
nonpermissive, antiaccess environments and their size and
materials characteristics will enable them to operate without fear
ol easy detection, It will be much less catastrophic if some ol
these tiny vehicles are lost compared to a loss of one of the large
multimillion dollar systems in use today. Their ability to fly close
to the ground will also reduce the costs of high tech surveillance
camera equipment required today on high flying UAVs. They
could also be loaded with nano particle bombs to take precision
strike to a whole new level.

It is clear that nano enabled UAVs will bring a host of new
capabilities to the battlefield. Along with these capabilities, they
bring massive amounts of data that must be collected, collated,
and presented in a way that allows the decisionmaker to
understand the battlefield and make decisions in a rapid manner.
A leader’s effectiveness will rest on their ability to leverage
technology to enhance their understanding of the battlespace
and to tighten their decisionmaking processes. Miniature UAVs
are only one small example of what the rapid advancement of
technology will bring to the battlespace. Another example that
could add even more complexity to the decisionmaking caleulus
is the emergence of enhanced humans.

The world has shown its tendency to push the edge of human
capability in sports, recreation, and beautification. With
nanotechnology, the ability to enhance the body will increase
dramatically. Instead of drugs and liposuction to enhance
performance and beauty, bodies may be sculpted using nano-
enhanced bone and muscle structure. What today is a prosthetic
to enhance a wounded war veteran’s ability to achieve
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independence, a blind person to regain sight, and an epileptic to
gain control of their bodies, could turn into superhuman cyborg-
fike upgrades. Further, the ability to understand and replicate
brain functions in silicon could lead 10 enhanced access to
knowledge and intelligence through embedded or wearable
silicon components. With ubiquitous wireless communication,
computers will no longer be needed to check the Internet. Instead,
information may be directly sent to a nano-cnhanced person’s
neural network.

The implications ol nano-enhanced humans and cyborgs on
the battlefield are legion. With ubiquitous sensing via the
quantum dot-sized sensor nets and nano and micro air vehicles,
there will be no place to hide. A person’s location will be known
or found in very little time. If nano-enhanced soldiers are put
into battle against unenhanced soldiers, the fight will be swift
and sure defeat for the unenhanced. A nation state or non-nation
state possessing this type ol army would dominate the world
quickly.

The 1implications of nano-enhancement will be felt across
society. In the classroom and business arenas the enhanced versus
unenhanced battles will result in unfair contests. Will schools
segregate or hold contests for the growing disparate populace?
Wilt the gap between the haves and the have-nots generate more
conflict? What will a free market system look like when there is
a significant performance gap between enhanced and uncnhanced
people? Is the free market really free when it is controlled by
nano-enhanced cyborgs against the will ol the unenhanced
masses? These questions must challenge leaders to think about
the implications of new technology before going down an
irreversible path.

The future battletield will become increasingly complex with
undefined boundaries as the Internet enables massing of eflects
Irom anywhere in the world. It will likely incorporate state and
nonstate actors who have the ability to deliver elfects using the
same or similar technologies now at the disposal of only the
United States. The potential for a disruptive breakthrough in
technology 1s not just available to governments. but also to
individuals with technical knowhow, a lew low-cost tools, and
access to the Internet. According to Michael Paquette, “advances
in nanotechnology are also occurring at breakneck speeds.”
Today. high school students can do what used to be done onty
by PhDs. “Once nanomaterials are readily available, it is only a
matter of time before pieces of information published for a
peaceful purpose are used to accomplish something nefarious.™”

The key challenge for decisionmakers will be tightening the
decision loops without falling into decisionmaking traps. As the
playing field becomes flatter with near peer competitors, the pace
of decisionmaking will need to increase to stay ahead of the
adversary. As the sensors get smaller and more ubiquitous. the
information to make a decision will be even more voluminous
than it is today. While victory will still go to the side that can
see, understand, and act the quickest to bring forces to bear at
the decisive point, the decisionmaker of the future will have
vastly more technical complexity to deal with than any time in
the past.

Decisionmaking Traps Leading to
Technological Failure

in too many cases technological fatlures and surprises stem
from too human characteristics such as self-satisfaction,
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disdain for the enemy, obtnseness, and conservatism, or in
other words, stpidity and lack of professionalism.

It must be accepted as a principle that the rifle, effective as
it is, cannot replace the effect produced by the speed of the
horse, the magnetism of the charge and the terror of cold
steel (British cavalry training manunal, 1907).

—Azriel Lorber, Misguided Weapons, 2002

Making decisions can be hard to do. In the past, many well
educated, well meaning leaders have made well intentioned
decisions that turned out to be absolutely wrong. While there
are a host of reasons for decisionmaking failures, many of these
failures could have been avoided if the scnior leader had been
aware of decisionmaking traps and had developed strategies to
avoid them. Deeisions in today’s complex environment have
never been more consequential. A senior leader’s ability to make
sound decisions about how to shape the future is eritical for
preparing to fight the nation’s wars in 2035. The nano-enhanced
battlefield described above will be infinitely more eomplex than
ever before, putting a high premium on good decisionmaking
techniques.

Being able to glean the kernels of truth and goodness from
the volumes of chaff is a skill all leaders must hone. Researehers
have found that human brains have subconscious routines or
heuristics, to help “cope with the complexity inherent in most
decisions.”™ It is these heuristics and mental shorteuts that help
us sort the wheat from the chaff, but they can also lead us to make
poor, potentially catastrophic decisions.” Leaders must find a
way to make decisions without falling into a decisionmaking
trap. In particular, when considering how to make mvestments
in technology for the future, leaders must be aware of the
decisionmaking traps that eould lead to technological failure (a
concept defined below). While these traps are not new, the
ramifications of falling into them are magnified in the rapidly
changing nano charged environment. Bad decisions will hurt
more. Thus decisionmakers need to be aware of the traps and
develop ways to avoid them.

Technologieal failure, as defined by Azriel Lorber in his book,
Misguided Weapons: Technological Fatlure and Surprise on the
Battlefield, “involves the lack of comprehension of the effect
that certain weapons, or the lack thereof, may have on the conduct
of warfare.””® According to Lorber. a technological failure “may
also involve the lack of awareness of the scienee and technology
involved in a particular weapon.”™”” One of the most critical
aspects of technological failure is that it highlights “people and
their attitudes toward the ever-changing world of technology.”
Lorber makes a clear delineation between technologieal failure
as defined above and other types of failures such as “engineering
failure, poor design or workmanship, mechanical breakdowns,
[or] shoddy maintenance™ as these are failures of the machine
itself. Technological failure is not a failure of the machine, it is
a distinctively human failure. Lorber provides a cogent list of
the root causes of technological failure based on historical
examples.”

* Conservative thinking, mistrust of new idcas, and inability
to adapt to changing environments

* Misunderstanding of the technology involved or its relevance
to the battlefield
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* Poor management and bad leadership

* Preconceived notions by very important persons, sometimes
accompanied by overconfidence and arrogance

* Meddling by higher authority. sometimes because of political
ideology

While many will look at this list and see a characteristic of a
former boss or colleague. a more important view will be the
perspective onc takes on this list when looking in the mirror. It
is important to remember that most technological failure does
not come from unpatriotic, poorly educated, inept leaders.
Instead, it stems from upbringing and experience—especially as
it pertains to making deeisions about technical subject matter.*
Scientists and engineers tend to understand what is really
possible in technical fields and are less prone to technological
failure, but senior leaders tend to come from the operational
world—not science and technology. Thus, operational senior
leaders making the decisions about technological investments
tend to lack the requisite knowledge and experience and are more
prone to technologieal failure. This is not to argue that all senior
leaders should be scientists and engineers, as this would likely
cause operational failures.®' Instead. the real issue is how to
prevent technological failure. Understanding the fundamental
decisionmaking traps as they pertain to technological failure is
necessary to avoid inadvertently falling into them. This section
will cover nine decisionmaking traps that could lead to
technological failure. Eight of these traps were identified by
Hammond, Keeney, and Raiffa,*? and one by Lorber. This
discussion will entail a brief deseription of each of the traps along
with examples and some suggestions to avoid them.

The Anchoring Trap
The anchoring trap comes from the tendency of people to give
more weight to what they hear first. For instance, when getting
advice about going to a job interview, most people will advise,
“First impressions are very important.” Rescarch has shown that
what people hear and see first colors their ability to be objective
about the information to follow. This trap is especially pernicious
when time is short and a decision has to be made quickly. In these
situations, the deeisionmaker may only have a small amount of
information to go on—making the first impression potentially
the only impression. More likely than not, the first impression
will not tell the whole story and that eould lead to a poor decision.
A simple everyday example of this type of trap would be when
getting into a bidding process for a major purchase like a car.
The first number the buyer provides tells the seller their desire
for the vehicele, their willingness to bargain, and sets the zone for
negotiation, Similarly, when senior leaders provide information
to Congress or give publie briefings on acquisition programs,
they must take care to ensure the information is correct as
Congress and the media can be quite unlorgiving. If a senior
officer goes to Congress and briefs that they need 183 F-22s to
meet their misston requirements for one year, then comes back
the next year and briefs that they need 381 F-22s, they had better
have exquisite justification for the change, or they have lost
credibility. Credibility is easy to lose and very hard to regain.
To avord the anchoring trap, one needs to consider the sender’s
and receiver’s points of view. From the sender’s perspective, they
need to package their information to ensure all sides are covered
and the information is accurate. Assumptions must be clearly
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spelled out to the decisionmaker right up front. From the recciver,
decisionmaker’s perspective, they need to open the aperture of
their decisionmaking lens. Rcmember the old adage. “No news
is as good or as bad as it scems when you first hear it.” Senior
leaders must have the patience to get another perspective if at
all possible. Taking a 70,000 foor view of the problem can be
helpful. Force yourself to step back away from the details of the
situation and try to take the opposing view to sec what other
possible outcomes could result. Finally, having a trusted advisor
who is outside the situation can provide an objective viewpoint.

The Status Quo Trap

The status quo trap is set by the organizational culture and is
akin to mental incrtia or just plain laziness. If the culture is such
that risk taking and effon, despite failure, is rewarded, the status
quo trap will not be cvident. On the other hand, il employecs
and leaders are penalized for taking risk and failing, despite their
best cfforts, the organization will quickly adapt and root out all
risk of failure. Large burcaucracies tend to drive a culture where
there is one set way 1o do business and innovation is not looked
upon in a positive light. Those that try to buck the system are
shut down and put baek in their place. In fact, one’s ability to
toe the line in some organizations is the measure of merit for
promotion and advancement.

Changing course requires action, deeisions, and ultimately
risk. Risk brings the opportunity for reward and regret. Many
decisionmakers, espccially those in risk-averse cultures, will
choose to forego the chance at a reward to minimize the
opportunity for regret. Those that belicve they are in an
unforgiving, one mistake orgamzation will be prone to falling
into this trap.

History provides a number of examples of the status quo trap,
but the story of Colonel James W, Ripley is one of the best.
Colonel Ripley took over as head of the Union’s Ordnance
Departiment in 1861. Although Ripley was a carcer ordnance staff
olfieer and “"a good organizer and logistician,” he knew next to
nothing about the “importance of weapons' technical/tactical
performance in the ficld.” Ripley was a stickler for “standardization
and ceonomy™ in his tightly run supply system, but was against
newfangled ideas like “breech-loading rifles, Gatling machine
guns, [and] observation balloons.”** Colonel Ripley's bias Tor
the status quo was one of the main frustrations lor the Union army.
In fact, this stranglehold on technological advancement was still
in effect in 1876. When Custer’s troops faced Crazy Horse and
Sitting Bull, the Union troops had single shot weapons and the
Indians had Winehester repeaters.

Senior leaders must have an open mind to newfangled ideas.
To avoid the status quo trap they must decentralize
decisionmaking and flatten organizations. Decentralization and
flattening requires delegating authority and accepting risk.
Leaders must set the vision for their organization then delegate
their authority until they feel uncomfortable. then delegate a little
bit more. Lean towards empowering subordinates to take risk.
Expeet lailure. As leaders. one must realize innovation comes
from failure. No one lcarned to walk without falling down
numerous times. Establishing a eulture that encourages and
rewards risk. within reason, will have the potential to be
innovative and leading edge. The culture senior leaders establish
in their organization affects the grooming of those rising through
the ranks. If they choose to leave a legacy of fear of failure, they
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will produce a generation of risk-averse bureaucrats who cannot
meet the challenges of the fast-paced luture environment filled
with newfangled technologies.

The Sunk-Cost Trap

The sunk-cost trap is onc that eauses teaders to want to keep
throwing good money after bad. When poor decisions of the past
lead 1o a project failure and all logic suggests the project should
be caneeled, this trap eauses onc to argue against logic. The more
money that has been spent on a project, the more dilficult it is to
terminate it. Instead of cutting losses, decisionmakers tend to
want to increase its functionality and spend more moncy to keep
from acknowledging failure.

In 1866, the Prussians handily defeated a nearly equal-sized
force of Austrians at Sardowa. While there were multiple reasons
the Prussians were victorious, one of the main reasons cited in
an 1868 account of the battle was that the Prussians had a
decisive technological advantage.™ Most of the 20,000 Prussian
troops were cquipped with Dreyse needle guns. while the
Austrians had muzzle loaders. The needle guns fired six rounds
a minute versus only two per minute for the muzzle loaders. The
fact that the Prussians had a technological advantage was not a
technological failure, but why they had the advantage gets to
the heart ol technologieal failure.

Nikolous von Dreyse developed the needle gun around 1838
and demonstrated it for the Prussians. Seeing the speed at which
it could fire and the fact that the soldier could lire from the saler
prone position was enough to get the Prussians to purchase the
rifle right away. In 1851, the Austrians got a similar sales pitch
and chose not to purchase the needle gun. In their opinion the
rapid fire aspect of the weapon would exhaust the ammunition
supply. Even more important to their decision was they had just
sunk a significant investment into retooling their musket factory
“for more efficient production.”™* Thus the sunk-costs of older
technology outweighed the opportunity to gain a leap in
technology and that resulted in the Austrian defeat at Sardowa
15 years later.

Senior leaders must be able to mawntain big picture objectivity.
To avoid the sunk-cost trap. they must establish objective
measures of success and failure at the outset of a proposed
acquisition or project and then have the courage to act as
required. To gain an objective viewpoint. have a disinterested
third party take a look at the situation at regular intervals to
provide an unemotional evaluation. Audit agencies are good
resources to call on for this type of perspective. Money and time
spent on a project in the past is just that—history. To make an
objective decision about the current health of an acquisition or
project, leaders must disregard sunk-costs and look solely at the
requirements versus the solution to determine whether the need
justifies further expenditures or if a dillerent path 1s warranted.

The Confirming-Evidence Trap

The confirming-evidence trap is particularly insidious as it plays
into one’s biases. It causes one 1o see supporting evidence for
positions they want even when it is not there and to disregard
cvidence that counters what they want, despite its relevance. This
trap can also be set by any or all of the three previous traps. For
instance, if the first impression of a person is negative, the
tendency is to find evidence of more negative things despite the
person’s best efforts to the contrary, Similarly. if one is convinced
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the status quo is the right way of doing business. they will find
evidence to confirm their convictions even if there is a more
efficient and effective way to do business. Finally, if one is a
program manager for a failing program, his or her reputation and
livelihood could be wrapped up in sustaining the program despite
its faults. The loss of objeetivity could cause one to seek
evidence to confirm the positive health of their program despite
objective measures to the contrary.

Any one of the examples above will also work for this type of
trap. For instanee, Colonel Ripley would most likely not have
established an objective set of measures for the tactical success
of the weapons he was purchasing versus those he denied. Instead,
his measures of merit were likely logistical effectiveness and cost
efficiency. Therefore, when he sent his reports to his superiors,
everything would have shown green and healthy despite the lack
of support to the Union troops.

To avoid the confirming-evidence trap leaders must maintain
objectivity. To do this, they can employ trusted third parties to
provide an objective assessment based on facts outside their
biases. They need to establish a healthy organizational climate
that allows for difference of opinion and disagreement. To foster
this type of environment they need to be able to check their
motives objectively through self-analysis or through the use of
trusted agents. Further, they need to learn how to ask questions
that do not drive a particular answer. This is hard to do as people
are hardwired to play to their own biases, but they must fight the
temptation. The use of an unassociated facilitator to run a
potentially contentious meeting can be helpful. Meeting at an
off-site location in casual elothing can also be helpful to increase
objectivity and trust within an organization.

The Framing Trap

The framing trap stems from the fact that how a problem is stated
can and will drive the solution to the problem. The solution ean
be biased on purpose or subconseiously. This type of trap is
readily evident in how contracts are written or how new personnel
is hired. If one has a particular solution or company in mind when
writing a contract for bids, it could provide a distinct advantage
to the desired outcome. In addition, if one already has a person
in mind to fill a particular job, they can bias the requirements to
ensure that particular person comes out on top of the rating
criteria. Further, if a leader is from a particular Service component,
they will likely take a view of the battlefield from their Service’s
perspective.

In March 2002, the Army planned its first conventional
operation in the Shahi-Kot Valley in Afghanistan named
Operation Anaconda.* The goal was to take out a coneentration
of Taliban and Al-Qaeda fighters operating in the valley. The
mission was given to the Army, who planned it as a ground eentrie
operation. The Army planners chose not to involve the Air Force
in their operational planning until after it was too late to
effectively use the Air Foree assets. As a result, the action was a
dismal example of the lack of Joint operations and resulted in
many of the enemy escaping from the valley to fight another day.

In this example, the problem was given to the Army who
framed it as a ground offensive. If it had been framed as a Joint
fight by air and ground forces, the planning efforts would have
been inherently more Joint and the results would have been much
more coordinated and smoothly executed.

If a leader wants to solve a problem without unnecessarily
biasing the solution, they must provide a neutral problem
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statement, They must establish objectives and the end state, and
then let the problem solvers do their job. For instance, if they are
seeking to buy a weapon system to carry out a mission, they must
be careful to provide only the objectives and key performance
parameters. If they use the words “ground vehiele,” they have
then biased the solution against anything from an air or water
perspective. Further, if they state that the vehicle must be manned,
then they have disregarded all unmanned capabilitics. While
establishing clear requirements and boundary critenia, leaders
must guard against inadvertently limiting the range of solutions
based on their personal biases. Using a third party observer or
even having their proposed problem statement checked by other
experts in the field is an excellent check and balance that will
lead to better outcomes.

The framing trap also works in reverse. As decisionmakers
consider a range of proposed solutions 1o a particular problem,
it is helpful 1o look for how the problem statement was framed.
Look for biases and predisposed solutions. Many times leaders
find that a viable solution set was not considered due to how the
problem was originally framed.

The Overconfidence Trap

The overconfidence trap causes leaders to take an overly positive
view of their leadership prowess and forecasting acumen. This
trap is inherent in organizations known for their suceess and
longevity. Over time, success can build up a sense of superiority
and overconfidence that can lead to prideful decisionmaking.
The Bible provides an apt adage to consider: “Pride goes before
destruction and haughtiness before a fall.” When leaders
consider themselves impervious to error, they have fallen into
the overconfidence trap.

The Battle of Crécy in 1346 is an early, but elassic, example
of technological failure due to overconfidence (or arrogance).
The key take-away from this battle is how an English foree
primarily made up of trained peasant infantry could achieve a
resounding victory over the French forces primarily made up of
upper class cavalry when the French forces outnumbered the
English forees by a margin of at least two to one with some
accounts suggesting a six to one advantage.”’

One of the key differences was their weaponry. The French
were armed with erossbows and the overmatched English were
armed with longbows. A seemingly minor difference in
technology, but it was a major difference in capability. The
simplistic longbow could be made in a few hours, but could be
fired four to five times faster than the crossbow and was lethal at
much greater range.*

What makes this battle a technologieal failure by the French
is not that they lost to a much smaller British force armed with
longbows, but that this wasn’t the first battle where they were
beaten by a smaller British foree armed with longbows. The battle
of Flanders in 1337 had a similar result to that of Créey and for
the same basic reason. The French were men of nobility and
considered the British peasants armed with longbows as inferior.
They kept this overconfident attitude despite being soundly
defeated at Flanders, Créey, and later at Sluis in 1340, Poitiers in
1356, and finally Agincourt in 1415 all at the hand of the peasant
longbowmen.*

The arrogance and resulting inability of the French nobility
to think of the English as more than a peasant army, colored their
decision to not transform their army’s weaponry and tactics. The
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history of that decision is written in the blood of the thousands
of French fighters on the battlefields of the Hundred Year's War.

To avoid the overconfidence trap requires humble
introspection on the part of the decisionmaker. Senior leaders
must be open to criticism. Establishing an organizational
structure where one can get unfettered feedback from
subordinates, peers, and superiors will provide the feedback
necessary to maintain a level view. These same feedback sources
will provide good venues for discovering issucs dealing with
one’s organizationaf construct, but the climate must be one that
1s open to criticism. An external audit by a third party 1s useful
for determining if an organization’s confidence is weff placed.
Finally. developing a series of advisors and trusted agents within
an organization and outside of it will ensure decisionmakers get
the unvarnished truth.

The Prudence Trap

The prudence trap 1s a charactenistic of risk adverse organizations.
These organizations want to play it safe and avoid making
mistakes. They also tend to be ploddingly slow decisionmakers.
Large bureaucracies tend to fall into this trap due to their desire
to maintain the status quo. They tend to shun innovation and
quell disruptive behavior. The inertia from these types of
organizations not only makes them difficuft to change, it can
make them cautious to the point of irrelevance.

Too often burcaucracy within the Pentagon is guilty of this
trap. The entire process of staffing a proposed change through
the myniad of offices to reach a decisionmaker tends to remove
the encrgy for change. As radical, edgy proposals go through the
chain of burcaucracy, their sharp edges get rounded off and
polishcd as each layer tries its best to put its own personal spin
on the document. All too often the proposal that ends up on the
decisionmaker’s desk is @ mueh watered down instrument for
change. While not all offices work like this, the overall effect of
such a large bureaucracy is to maintain the status quo with minor
adjustments on the fringes.

To avoid the prudence trap begins with thinking differently
about change. The top of the organization must start the process
because the bureaucracy is set up to maintain a stcady state
condition. The first step is to delayer the decisionmaking process.
The more horizontal an organization is, the more abfe it is 10
change and adapt. The sccond step is to delegate as low in the
organization as possible. Get the lowest tevel supervisors
actively making decisions and getting involved. Third, accept
more innovation risk. Leaders necd 1o trust their peopfe and
reward disruptive innovation. If they stifle change and disruptive
influences, their organizations will quickly learn “not to make
that mistake again.” Be prepared 10 hear the unvamnished truth.
Minimizc the number of touches on a document coming through
the process for signature. Find ways to remove or consolidate
the reviewers so there is not an endless list of folks that need to
see a document on the way up to the boss. While prudence can
be a good thing, it can also cause one to fail as they let golden
opportunities pass by while the bureaucracy churns.

The Recall Ability Trap

The recall ability trap causes a leader (o put more emphasis on
rccent events than history—because that is freshest in their minds.
fn contrast 1o countries fike fndia, China, England. and Japan
that have fastidiously maintained dctailed paper filing systems,
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America is very poor at maintaining corporate mcmory. On the
one hand, this provides the opportunity for advancement
unfettered by historical precedent:; on the other hand it can lcad
1o shortsighted decisionmaking.

For instance, the short two-year military command tours drive
a constant turnovcer of corporate memory at the organizational
command level. This provides a level of churn in an organization
that can cause unhealthy and poor decisionmaking. As each new
Icader takes over an organization with the desire to leave his or
her mark. the organization is unable to maintain a steady course.
Officer assignments for senior ficld grade officers tend to be two
years or less. Wing command tours in Air Mobility Command
are now routinely less than 18 months. This type of rapid turnover
prevents organizations from maintaining momentum. Further it
can detract from strategic planning as everyone must shitt
priorities as each new commander comes 10 roost.

To prevent the recall ability trap requires a major invesument
in knowledge management, a reduction in turbulence. and a
reinvestment in long term planning. As organizations move to
paperless systems, the only records they will have will be
clectronmc. The Department of Defensc has made a halfhearted
attempt to develop clectronic filing systems, but to little avail.
With the removal of the administrative career field. it comes down
to the motivation of the individual 1o track their own history—
many do not. Capturing knowledge at every level to develop an
accurate history and making this knowledge readily accessible
1s necessary 1o inform future leaders and look for long-term trends.

The Mirror Imaging Trap

The mirror imaging trap is when the analyst or decisionmaker
projects his or her valucs or culture on others. The Battle of Britain
provides an example of this trap. The British had developed their
famous Chain Home string of coastal radar sites to warn of
incoming German aircraft. These radar dishes were huge—360
feet high and very visible.”” The Germans noticed these massive
dishes and were curious as to what they were. so in 1939 they
sent a zeppelin loaded with radio receivers to investigate. After
several hours of monitoring, they heard nothing and conctfuded
the huge dishes had to be something other than radar.

This failure to recognize these radar towers was due to mirror
imaging. In £939, the Germans were more technically advanced
in their development of radar. They had developed the Wurzburg
radar that operated a1 wavelengths on the order of fifty
centimeters.” The less advanced British radars used wavelengths
of over a meter. Thus, even though the chief of the Luftwaffe's
signal section, Major General Wolfgang Martini. was onboard
the zeppelin, they did not hear because they did not listen to the
right frequencies. The Germans only listened to the frequencies
that they used. Had the Germans understood the advantage thesc
radars gave the British, they could have put in a sustained effort
to destroy them and potentially changed the outcome of the
Battie of Britain.

The mirror imaging trap is challenging to avoid completely
as it 1s so easy 10 project one’s own vafues and capabilities on
others. To avoid the mirror imaging trap one needs to first realize
they are prone to this type of trap. Then. the decisionmaker must
willingly accept peer review of their analysis and projections.
As a senior lcader. establish an organizational climate where peer
review of consequential analysis and future projections is the
norm. Leaders must check egos at the front door and be open to

45




eriticism and encourage differences of opinion because only then
will true innovation take place.

Avoiding the traps described above is a significant challenge.
Most leaders will not be able to do this naturally as all leaders
have biases toward one or more of the traps described above. The
key is to understand where these biases lie and then develop a
strategy to avoid the traps. The future environment will make
avoiding these traps even more challenging as it is always
changing and more complex.

Recommendations for Disaster-Proofing
Senior Leadership

Leaders must be prepared to think differently if they are to make
the right decisions to prepare for the challenges of 2035. While
2035 may seem like a long way into the future, the generals who
will lead the Service components are in the Service today and
the President of the United States is already in the population.
They are gaining the knowledge and experience that will shape
their decisions in that future battlefield. What tools should be
provided to them? What experiences and thought patterns must
thcy have to be successful in the future environment?

To make the senior leaders of tomorrow successful, three
things must be done now: prepare them for success, organize for
success, and invest for success. The rest of this article will discuss
these three key elements and how they are imperative for the
prevention of technological failure and the achievement of
success in the future battlefield.

Prepare Leaders for Success

From the very beginning of their experience in the military, the
leaders of tomorrow must be prepared to understand and embrace
technology and change. This means staying informed about
advanees in teehnology. Leaders must be in a eontinual mode of
reading and staying updated in critical areas. Broadening tours
to the eivilian or military research facilities should be encouraged
for future leaders. In addition, since time is a limiting factor, tools
such as automatic electronic updates on technology advancements
and book summaries” should be provided to all levels of the Air
Force—not just general officers. The younger generation coming
into the military today is already tech savvy and willing to try
nearly anything to “see how it works.” The Services need to
provide the tools to broaden their knowledge base and nurture
that innovative encrgy and drive in a mode commensurate with
the techno-savvy capabilities of this new generation. The senior
leaders of tomorrow must have access to the tools to keep
themselves on the cutting edge and maintain that innovative
spirit.

Fostering innovation is easier said than done. Innovation
involves risk. In fact, 1o gain the correct organizational
cnvironment, risk-taking must be rewarded. Unfortunately in
most cases, the Air Force has done just the opposite. Safety has
been emphasized to the point of making people risk averse. Gone
are the days of Jimmy Doolittle and Carl Spaatz who lost
numerous airplanes trying new things. At the time, this was
considered the cost of doing business because innovation was
part of the job of every Airman. It was part of the culture of the
Air Force and it allowed the Air Force to incorporate new
technological advances rapidly.
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The innovation spirit must be brought back. One way to do
this is by giving people the freedom to fail. While there is a clear
distinction between 4 mistake and a crime, trying to dcfine good
failure and bad failure is always going to be a leader’s judgment
call. One example of fostering innovation would be to develop
a leadership playground. This can be done by making leadership
reaction courses and obstacle courses readily available at the base
level. With easily accessible training areas, teams of lieutenants,
colonels, sergeants, and Airmen can build teamwork and keep
their minds fresh by periodically working through multiplc
sccnarios. By using cutting edge virtual technology to develop
training environments, cross-function teams could rapidly devise
new challenges in a virtual reality environment. Much like a
flight simulator or a multiplayer gaming sccnario, the same type
leadership simulation experiences could be brought to the general
forces. By practicing leadership decisionmaking at all levels of
the organization and in complex scenarios, leaders will be better
able to enter new situations with confidence. They will be allowed
to fail and recover to find a better way without fear of retribution.
This can go a long way to developing better decisionmaking
skills.

One of the most effective methods of preventing technological
failure is to remain humble by listcning to others. Why is this so
important? Considering the examples of technological failure
discussed in the previous section, most of them dealt with some
sort of pride issue—either the senior leader was overconfident
of his or her own abilities or disdainful of those of the encmy.
Leaders failed when they got stuck on their own ideas being the
best ideas and not being willing to consider the views of others.
Finally, leaders that project their strengths and weaknesses on
the adversary are also failing because of arrogance and pride. This
type of arrogance and pride can infect the entire organization
and develop organizational biases that will result in a future of
poor decisionmaking. As senior leaders demonstrate and mentor
leadership for their younger officers, they need to be mindful that
they are providing the shaping experiences that will last in the
minds and hearts of those airmen for many years. These
experiences then can translate into a decisionmaking framework
that will lead to successful or disastrous decisionmaking.

Organize for Success

Organizations are a reflection of the leader and the bureaucracy
that formed them. The organizational structurc can install
artificial barriers to innovation and ultimately barriers to success.
Take for instance the A-staffs at the Pentagon. Each staff is a
cylinder of excellence that maintains itself through the
rcquircment that many staff packages must pass through their
hallowed halls before getting finalized and sent to the mutual
boss. This type of hierarchical structure found in these
organizations stifles innovation on purpose. There is a built-in
bias against changing the status quo and many live in the
prudence trap. The leaders of these organizations are seldom
aware they are getting watered-down packages without thc
author’s original thoughts in any rccognizable form.

To change this construct, mobile, cross-functional teams must
be created. The team members must /ive with the organization
that needs them most of the time and bc available to others who
need their specific expertise. To truly expand the ability to make
good decisions every time, leaders must build cross cognitive
teams—teams madc up of people who do not think like they do.
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Scott Page, in his book. The Difference, discovered that teams
made up of diverse cognition actually improved problem solving
capability more than any other kind of diversity.” Through the
use of virtual reality-based communication tools, they need to
be able to tap directly into the warfighters in the field and every
functional area needing representation. There should almost
never be a meeting that happens with only people from a single
cylinder.

Virtual reality is the way business will be conducted in the
next decade. With the advanee of sensors that can provide full
body exposure to the environment, being there just got a lot less
expensive. Alrcady the military is experimenting with the use of
avatars for training, meetings. and advertisement. Soon, the
avatars will be connected via virtual reality to their human and
the humans will experience nearly everything that they would
in a person-to-person meeting. This technology can be utilized
for training, experiencing. and building better decisionmakers.

Decisionmakers trained in a virtual environment will have the
ability to run through a complex set of scenarios and find the
best way to solve the problems. These decisionmakers would have
the benefit of a database of lessons learned and best practices
that could be brought up as possible solution sets. While no
simulation can perfectly mimic real life, virtual reality will come
closer and closer to real life and will provide a distinct advantage
to the decisionmakers of the future. Decisionmaking traps could
be a thing of the past if leaders are adequately trained in the right
behaviors through simulations and organized for success.

Invest for Success

Rapid reaetion will be critical to survival in the 2035 battleficld.
For instance, if a bioterror attack takes place, the ability to sense.
decide, and act with incredible speed could be the difference
between victory and defeat. Leadership must not only be able to
make decisions quickly, they must have access to a viable set of
alternative actions to solve the situation. In the case of a bioterror
attack or many other rapidly multiplying challenges, the solution
may not be readily available. At that point, the leader must eall
on the acquisition system to deliver a solution. To cnable this,
they need an acquisition system primed to respond to threats of
all kinds. Super-empowered individuals with the capability to
coordinate and mass effects could strike using nano-based
weapons and cyber technology to threaten America’s ability to
respond. A senior leaders’ ability to develop a response in time
to climinate or mitigate the threats may determine whether
Ameriea remains a free country or not. The gravity of this issue
means Ameriea, and specifically the Department of Defense, must
invest in research and development to maintain a broad spectrum
of capability in the uncertain future and invest in consequence
management capability to respond quickly to surprises.

As budgets tighten, it is normal to focus more on applied
science versus basic researeh. Said another way. if one has to make
a choice between supporting the current war and supporting a
possible future war, the current war funding will normally win.
While logical, this type of decisionmaking has serious
ramifications for the future. As the senior leaders of tomorrow
reach into their bag of technology-based tools to counter
emerging threats, the tools they have will be those developed
by basic research today. 1f the research today is focused on near-
term projects, the tool bag of the future could be filled with a set
of ineffective, obsolete instruments.
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Resisting the urge to unbalance defense laboratory rescarch
toward applied rescarch will ensure a broad spectrum of responses
for future threats. Defense labs must maintain a strong presence
in niche technologies enabled by quantum computing and
nanotechnology that may not be profitable for private laboratories
to fund. These niche technologies just may provide the needed
capability for winning wars. While the US can leverage private
and university research capabilitics to expand its applied
research portfolio, the defense lab structure is many times the
only source for war winning, defense-specific basic research. With
a strong basic research backbone balanced with a strong applied
research network, the US can ensure it maintains the edge against
all enemies, foreign and domestic.

The name of the game in 2035 wifl be consequence
management. With the spread of nanotechnology to nearly every
corner of the world, the playing field will be much more leveled
between the US and its adversaries. The US nwust have leaders
that can think as its adversarics do to understand their goals and
desires and be ready for any contingency. While 100 percent
preparedness is a good goal, these leaders must also plan for
surprise from innovative adversaries as the US will surely face
threats no onc has seen before.

An example of consequence management in action would be
in combating the dark side of nanotechnology-based drug
delivery. 1If it is possible to deliver a dose of cure right to the
malignant cells as the nanobot concept goes, a nefarious group
could also use the same technology to target other cell
characteristics as well. They coutd surety isolate a portion of the
molecular makeup that defines a particular part of the human
race. In a hell-like scenario, a bioterrorist could unleash a targeted
attack on an entire segment of the human race. The capability of
the US to understand the problem. find a solution, and respond
quickly through effective consequence management methods
could mean life or death for many. In instances such as these, the
US cannot afford long acquisition and development timelines.
The US must act—and act Fast.

Leaders looking to invest in the future not only need to
determine the types of investment decisions to make, but also
the optimal timing for those investments. Knowing that every
choice in funding witl force a choice to not fund something else,
leaders must focus on leveraging high pay-off invesiments. High
pay-off investments are those that will provide the most bang
for the buck in the future. Looking back to the exponential curve
discussed in the first section, it 1s evident that the best time 1o
invest to achieve the maximum effect is carly in the process.
Achieving a one to two percent increase in slope on the early
part of the exponential growth curve will mean a massive increase
in capability as the technology matures. As an example,
molecular computing and quantum encryption are on the early
part of the exponential growth curve today and both of these
technologies will have world domination implications for the
actor that achieves the technology first.

In the world of 2035, moleeular computing and quantum
encryption could have the same effect as the first atomic bomb
had on the world—possibly even more of an effect. The first
quantum computers will be used for niche applications like
crunching massive amounts of data in a very short amount of
time. Their massive speed and limited spectrum of tocus would
be perfect for cracking encryption codes that protect the world's
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computer networks. The security implications are enormous and
far reaching, especially if the US is not the first country with this
technology. Scientists estimate a quantum computer the size of
a thumb nail will have the same amount of communication power
as all the computers that have ever been built. With that type of
computing power, the possessor could crack any current
encryption code instantly and the owner could hold the financial,
military, and commercial network capabilities hostage. In the
hands of a super-empowered individual. this technology could
change the face of war and terrorism. Without a doubt, the United
States must be the one to conquer this challenge. The funding
needs to be applied and the intellectual capital spent to ensure
that the US has the first quantum computer.

The second example of a high pay-off area for investment is
in quantum encryption. This little understood concept is going
to be the risk-mitigating technology for the foreseeable future.
This technology will provide encryption security that even a
quantum computer cannot break into. With the entire world
economy tied to the health of the American financial and network
infrastructure, the United States must be the first to achieve this
technology. Without assured access the market could completely
destabilize—creating a worldwide crisis that makes 2008 look
very calm. Quantum encryption is a war-winning (or losing)
technology and the United States must have this particular
technology first.

These two examples of high pay-off investments are not the
only investments for the future, but they are ones that illustrate
the concept of timing and impact. As senior leaders look towards
preparing for the future, they must have their eyes open for these
types of high pay-off investments to ensure the future toolkits
are filled with war winning capability. To grasp the magnitude
of the impact of these technologies first requires an interest in
learning about technology and then a method to stay informed.
Future decisionmakers must purposely seek to stay engaged in
technology advances to fully understand the future battlefield
environment if they are to make good investment decisions.

Conclusions

Capable, well-intentioned leaders often make poor decisions that
lead to technological failure on the battlefield. Sometimes it is a
result of a failure to understand technology or its relevance to
the battlefield. Other times, poor decisions are made because of
a mindset or organizational structure that leads into a
decisionmaking trap. As technology accelerates at an
exponential rate, the consequences of poor decisionmaking
become amplified and more far reaching. It is imperative to do
everything possible to prepare leaders, set up diverse
organizations, and invest resources wisely to prevent
technological failure in the future. The steps taken now will have
an escalating impact on the ability to succeed in the battlefield
scenarios of 2035 and beyond.

The first step to preventing technological failure is to keep
leaders informed about developing technologies through self-
study. They must become familiar with terms associated with the
technologies and understand the implications of concepts such
as nanotechnology, quantum computing, biomimetics, artificial
intelligence, and nanobots.

Leaders must also think differently. Instead of thinking
linearly and locally. they must think exponentially and globally.
They must understand how the new flattened world gives rise to
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threats and opportunities across the spectrum from state actors
to empowered individuals. Further, they must understand how
the exponential growth in technology and globalization will
impact the future battlespace. With this foundation, they must
then look inward to personal biases that can lead to
decisionmaking failures.

Leaders must be aware of the decisionmaking traps and
understand which of them they are most prone to fall into. Being
aware of the traps is the first step to avoiding them.

¢ The Anchoring Trap: Be awarc that first impressions rarely
tell the whole story. Step back and consider all sides of the
situation before making a decision. Call on a third party for
advice.

¢ The Status Quo Trap: Establish a culture that encourages
innovation without fear of failure. Encourage newfangled
ideas.

* The Sunk Cost Trap: Maintain an objective viewpoint. Call
on a third party to gain an outside evaluation.

¢ The Confirming-Evidence Trap: Understand personal biases.
Employ a trusted agent to gain an objective outsider
viewpoint. Foster a culture that allows for airing differences
of opinion.

¢ The Framing Trap: Carefully evaluate problem statements for
biases that inadvertently limit potential solutions. Gain an
objective view of the problem statement from a disinterested
third party.

* The Overconfidence Trap: Develop a habit of objective self-
assessment. Be open to criticism. Foster opportunities to
receive unfettered feedback from subordinates, peers, and
superiors.

¢ The Prudence Trap: De-layer decisionmaking. Empower and
entrust leaders at the lowest levels to innovate. Seek out the
unvarnished truth.

® The Recall Ability Trap: Capture knowledge at every level
and develop a readily accessible database of historical
knowledge and lessons learned.

* The Mirror Imaging Trap: Understand personal biases. Check
egos at the front door. Establish system of peer review for
consequential analysis and future projections.

Organizations must prepare leaders to make good decisions
by building leadership training areas either physically or in
virtual reality training environments. These areas will provide
leaders the freedom to innovate, fail, and correct multiple times
at low cost.

Institutions have to organize for success by developing
decision support structured organizations. These organizations
must bring together, physically or virtually, a cognitively diverse
team to solve complex problems. The more complex the probleimn,
the more important it is to have a team of cognitively diverse
experts brought together to solve it.

Finally, the Services must invest for success by funding high
pay-off investments at the optimum time near the beginning of
the exponential growth curve to maximize every dollar spent.
These investments must encompass the technologies that will
have the greatest impact on the coming battlefield environment.
This will ensure future leaders have the tools they need to fight
and win the wars of the future.
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The challenge of avoiding technological failure and

decisionmaking traps in the future intensifies as the environment
becomes more complex and the processes of change continue to
accelcrate. Staying current on future trends requires constant
vigilance. Leaders must proactively face the futurc and its
challenges, and seek thc knowlcdge to prepare for it. The
implications of not doing so could prove disastrous. The hope
for the futurc lies in having adequately preparcd leaders who
undcrstand their own shortcomings and the traps they are pronc
to. organizations that are set up for cognitive and structural
diversity, and the right investments of our current resources to
ensure the possession of the necessary technologies and weapons
to wagce war successfully in the nano-battleficlds of tomorrow.
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special Operations Training Center:
Does 3-.evel Maintenance Belong?

Introduction

hould the Air Force Special Operations Command
S(AFSOC) incorporate 3-level aircraft maintenance

on-the-job training (OJT) as part of the Air Force
Special Operations Training Center (AFSOTC)? The current
method of providing OJT for 3-levels using out-of-hide
resources is adequate at best and needs improvement. If
resourced properly with ample cquipment and manpower,
without degrading the existing aircraft maintcnancc
organizations’ productivity, then AFSOTC is a viable
option for ensuring 3-level OJT. The fiscally-constrained
environment makes proper resourcing a challenge; it makes
sense to consider options that include a total force initiative
that takes advantage of the Air Force Reserve Ccnter
resources—both equipment and expertise. In order to create
and sustain an efficient, successful maintenance training
environment and continuc high levels of support for the
long war, it is imperative to look outside of the box for a
solution.

Air Force instructions require major commands
(MAJCOM) to ensurc OJT for 3-level aircraft maintainers
upon arrival at their units from technical school.! However,
the Air Force instructions do not mandate how the training
must be accomplished. MAJCOMs differ in their
approaches to training, Some MAJCOM s (like Air Mobility
Command [AMC]) have a relatively formal process for

Robert “Mig” Miglionico, Colonel, USAF

ensuring the training gets accomplished. Regardless of
which method a MAJCOM cmploys, one common theme
exists throughout the Air Force: maintenance organizations
are suffering from low maintenance manning and
experience, and operations and deployment tempos are high.
These factors result in maintenance organizations having
difficulty in providing consistent, timely training while still
trying to accomplish safe sortie generation both at home
station and deploycd. AFSOC is not immunc to the
difficulties seen throughout thc Air Force with rcgard to
training 3-levcls. In addition, AF1 36-2232, Maintenance
Training, states that the on-maintenance qualification
training does not apply to AFSOC? and therefore, the
command has thc opportunity to determine the right process
for its maintainers. The difficultics seen with high operations
tempo and low maintenance manning and experience
highlight the need for AFSOC to find a more efficient and
effective process to ensure proper training. The newly
established AFSOTC may be able to provide some much
needed assistance to the AFSOC maintenance world.

Current Maintenance
Training Process

Air Force Maintenance Training

The Air Force provides aircraft maintenance training to its
new aircraft maintenance career field accessions. These new
maintainers earn their initial 3-lcvel qualification at Air
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Edueation and Training Command formal training sehools. Their
training is general and not aireralt spccific. 1t is incumbent upon
the gaining organization to provide OJT for the new 3-level
apprentiee maintainers, and to prepare them for hands-on tasks
for specific aircraft. OJT 1s two-fold: first, the 3-levels are
provided training that gives them the basies neeessary to be
minimally produetive in their particular maintenanee discipline
and second, they are provided OJT intended to upgrade them
from a 3-level apprentiee maintainer to a S-level, journeyman
status. This artiele will foeus on the first part—OJT that elevates
the 3-level apprentiee from just being a rech school graduate to
an apprentiee maintainer that ean perform some basie tasks. This
training will be referred to in the remainder of this artiele as 3-
level top-off training.

Why is top-off training important? New Airmen at teehnieal
sehool are provided general training. It is normal for a basie
trainee to progress through basie military training, then graduate
from teehnical sehool, and arrive at a base having never seen the
type of aircraft he or she is assigned to work on. The basie
teehnieal sehool ean only provide generic training; thus, it is
important to provide weapon-system-specifie familiarization
onee the Airman arrives to his or her first base. Onee the Airman
arrives, he or she will be put in a training status and will be in an
upgrade program designed to take them from an apprentiee 3-
level to a qualified 5-level journeyman. The standard timeline
for upgrading from 3- to S-level is about 12 months but can vary
greatly depending on eireumstanees and the individual
maintainer. This top-off training is not designed to get the
Airman to the upgraded skill level. It is simply to provide them
familiarization and training so they are somewhat produetive
during the upgrade process. The Airman will still require
supervision throughout the day: however, with proper top-off
training the potential for mishaps is redueed, and the Airman may
be able to assist in some tasks. This training ean cnhanec the
organization’s produetivity as the new 3-levels become eapable
on tasks sueh as aircraft towing, aerospaee ground equipment
operation, aireralt and equipment refuel/defuel, aireraft

Article Acronyms
AFB — Air Force Base
AFRC - Air Force Reserve Center
AFSOC - Air Force Special Operations Command
AFSOCTC — Air Force Special Operations Training
Center
AMC — Air Mobility Command
CAF — Combat Air Force
CONUS - Continental United States
DOPP — Dropped Object Prevention Program
MAJCOM — Major Command
MQTP — Maintenance Qualification Training Program
MXG — Maintenance Group
OCONUS - Outside the Continental United States
OJT — On-the-Job Training
SOF - Special Operations Forces
SOS — Special Operations Squadron
TDY — Temporary Duty
US — United States
USSOCOM - United States Special Operations
Command
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marshaling, and other tasks. Any produetivity from a 3-level adds
to the produetivity of the organization, so it 1s elear that each
MAJCOM benetits from having a solid top-off training program.
AMC has a superb program, although it has some challenges.

AMC Maintenance Training

AMC established the AMC Maintenanec Qualifieation
Training Program (MQTP) and the Level | training is its
meechanism to ensure 3-levels are provided adequate, useful top-
off training. AMC supplemented thc AF] 36-2232 training
guidanee and spelled out the formal requirements for entry level
Airmen in flight line maintenanee eareer fields. The AMC
supplement indieates which maintainers are required to be
enrolled in the MQPT program, the minimum maintenanee tasks
that they are required to be trained on, and the proeess for the
enrollee to progress through the program. This level of detail
ensures that the 3-levcls arc trained to a minimum standard level
on tasks that the field deems are neeessary for produetivity in
the maintenanee organizations. The program is sound, but
implementation has its ehallenges.

In an ideal world, there would be enough qualified 5- and 7-
level maintainers to ensure safe reliable maintenance aetions are
performed and enough consistently available to provide training
to the new 3-levels. The reality of the world today is that there
are not enough expericneed maintainers to aceomplish the
requirement. This shortage exists for many reasons, but there are
two signifieant reasons. First, beeause of a standard maintenance
manning level of 85 pereent maintenanee organizations are
generally starting out behind the power eurve. After several
reeent presidential budget direetives, maintenance manpower
authorizations have becn redueed to what many professional
maintainers eonsider bare minimums. Reeent efforts to buy baek
maintenance authorizations are only slightly helpful, as most
authorizations are being provided to new missions, not to fix
shortages at existing units. Additionally, the inerease in aetive-
assoeiate units (aetive duty Airmen assigned or aligned with
Reserve or Guard units) has led to an inereasc in aetive duty
authorizations. Even though there are more authorizations now,
it takes several years to grow qualificd maintainers to fill the
authorizations. Thus, the pool of maintainers that exist now at
aetive duty units will be deereased for the next few years to fill
positions at aetive-associate units.

The aircraft experienee level of maintainers provides the
second reason for the shortage of qualified 5- and 7-level
maintainers to train new 3-levels. The Directorate of Logistics
(AF/A4) redueed the number of shred-outs attached to Air Force
specialty eodes. For example, the letter eode that designated a
maintainer as an F-15 crew chicef was removed, and now that
maintainer is coded as a more generie Combat Air Foree (CAF)
(fighter) erew ehief. This means the CAF erew chief ean be
assigned to units with F-15s, F-16s, A-10s, and others. The end
result is that a unit can (and does) end up with muintainers that
are technieally qualified as 5- or 7-level meehanies, yet they may
have little to no experienec on the partieular type of aireraft flown
by their unit. This shred-out removal affeeted AFSCs throughout
maintenance, both from the fighter/bomber world, and the
mobility world. The significanee of this generalization of the
experienee base with respeet to the 3-level training is that now
the pool of experienced 5- and 7-level maintainers qualified to
provide hands-on OJT to 3-level maintainers is reduced.
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AMC developed a program called Focused Training to combat
the shortage of trainers. In this program, they canvass the
MAJCOM for volunteers for temporary duty (TDY) at units that
have large training backlogs. The intent is for the volunteers to
work on the Ilight line to free up the home unit maintainers so
they can train their 3-levels. This program has met with some
success, but the pool of available volunteers is low and the
program is only a stopgap.

AMC's initiatives to ensure proper top-off training for its 3-
levels are formal. adcquate, but not easily sustained. Manpower
constraints, number ol maintainers, and qualification levels
impact its ability to train the 3-levels. The issues that alfect AMC's
maintenance training are also present in AFSOC.

AFSOC Maintenance Training

AFSOC maintenance organizations, like those of other
MAJCOMEs, need quality top-off training for its new 3-level
maintainers. AFSOC maintenance is affected by manpower
shortages and experience gaps similar to other commands.
Additionally, AFSOC and the other MAJCOMS may face a slight
reduction in manning percentages with the onset of the new
missions (Global Strike Command and active-associate units).
As the worldwide manning averages dccrease because ol new
missions, the AFSOC manning averages will decrease
accordingly. This will occur despite the fact that AFSOC
maintenance manpowcr requirements will remain high as the
operations tempo at home and abroad remain high because of
the long war. AFSOC maintenance recognizes the situation they
lind themselves in and has initiated an effort to ensure its training
program is able to meet the challenge.

The 1** Special Operations Maintenance Group (1 SOMXG)
at Hurlburt Field, Florida assigned one of its squadrons, the 1
Special Operations Aireralt Maintenance Squadron (1 SOAMXS)
the task of developing a tailored training program. The test
program is focuscd on getting new 3-levels top-olf training and
upgrade training simultancously. The program formalized the
process so that the | SOMXG, like AMC, will have a standardized
approach to providing OJT to its new maintainers. There were
no additional resources provided to the 1| SOAMXS for this test,
so the internal training is still taken out of hide.” It still remains
to be seen if the value of taking qualified maintainers off the line
to focus on training only will have a negative effect on the unit’s
maintenance productivity. The test is still ongoing. so the cost-
benefit ratio has not been determined: however, initial response
from the unit commander is positivc.

Will the | SOAMXS be able to crack the nut on maintenance
training and be able to develop an eflective training program
from within its own resources? If so, their success should be
replicated throughout the 1 SOMXG and 27 SOMXG at Cannon
Air Force Base, New Mexico. Can potential 1 SOAMXS
successes also work in the nonstandard maintenance
organizations in the overseas special operations groups? If so,
then there is reason to be excited and to implement rapidly. 1f
the 1 SOAMXS cannot develop an effective training program
using internal resources, then an alternative solution must be
found. possibly under the AFSOTC.

Air Force Special Operations
Training Center

Current AFSOTC Mission
On |1 October 2008, AFSOC cstablished the AFSOTC at Hurlburt
Field, Florida.* The AFSOTC commander reports directly to the
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AFSOC commander, and the center is one af AFSOC’s six primary
subordinate units.* The AFSOTC mission is to

Develop a focused recruiting, selection, assessiment, and training
and retention program to ensure adequale numbers of personnel
specialty and equipment. Missions include: planning. support. and
command and control of tasked assets executing overt or clandestine
special operations to disrupt, defeat, or destroy designated targets.
AFSOC will establish an AF Special Operations Training Center
(AFSOTC) to focus training and scparate operations,®

The last sentence from the United States Special Operations
Command (USSOCOM) 2007 Mission Guidance Letter above
is the heart of what AFSOTC is all about. The lirst commander of
AFSOTC, Colonel Paul Harmon, further refined his role as the
single commander responsible for carrying out the guidance in
the 2007 Mission Guidance Letter; with his specific intent to
“consolidate initial qualification training—warlighters light;
trainers train.”” This commander’s intent clearly delines the
direction that the AFSOTC was headed. Its reason lor being was
to allow the warfighters to focus on the combat mission, without
the burden of having to provide initial training to personnel. The
AFSOTC mission was to take initial training out of the
operational units’ hands and to provide them trained air
commandos ready to contribute to the mission once they arrive
to their respective units.

The AFSOTC mission provides mission qualification training
for AC-130H/U, MC-130W, U-28, combat aviation advisors,
nonstandard aviation, special tactics, deployed aircralt ground
element, and intelligence, survcillance, and reconnaissance (1ISR)
exploitation mission arcas.* The AFSOTC organizational
structure (see Figure 1) is designed to provide training for the
Airmen involved in the aforementioned mission areas. ® 1t is
important to note that the Air Force Reserve Center has a unit
(5™ Spccial Operations Squadron) associated with the AFSOTC.
This Total Foree relationship is a Torce multiplier. providing a
cross-utilization of manpower, expertise. and experience between
the active duty and Reserve forces.

This organizational structure is the second iteration as the
AFSOTC is going through its planned growth."

Future AFSOTC Mission

The AFSOTC organization structure changed again in liscal year
2010 as it expandcd its role in aviator training (AC-130, EC-130J,
PC-12, U-28) and sensor operator training.'' The new
organizatonal structure (sce Figure 2) highlights these changes
and shows the 5 Special Operations Squadron (SOS) chain ol
command going directly to the 919" Special Operations Wing
(AFRC) at Duke Ficld. Florida and the association to the
AFSOTC commander."

The AFSOTC mission continues to grow. but the resources it
utilizes are not additive to AFSOC. According 1o the
Commander, United States Special Operations Command
(COMUSSOCOM), the AFSOTC must be “resource neutral.”™"
To be resource neutral, AFSOC had to move resources within the
command to build up the AFSOTC. For nstance, in order to
establish manpower billets in AFSOTC for Combat Aviation
Advisor training, the 6® SOS was required to give up 12 active
duty billets to the AFSOTC." This process was repeated
throughout several AFSOC units so that the AFSOTC stand-up
could remain resource necutral.

Understandably, warfighting units are uncasy about giving
up billets, regardless of the projected benelits. The 319" SOS was
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Figure 1. AFSOTC Organizational Structure

initially apprehensive about giving up some of its authorizations
to the AFSOTC, but in the end the unit recognized the benefit as
it gained better trained aircrews without impact to operations."”

Neither the AFSOTC mission, as described in the P-plan, or
the AFSOTC organizational diagram, as resourced, account for
inclusion of special opcrations aircraft maintenance training to
be aligned under the AFSOTC umbrella.'® The aforementioned
documents can be interpreted as only being applicable to
operations training. However, the door for expansion of the
AFSOTC scope has been opened with the comments made by
the AFSOC Vice Commander during the 2009 AFSOTC Change
of Command ceremony, “Your mission is to recruit, assess, sclect,
indoctrinate, train and then educate air commandos, other special
operations forces and SOF enablers...”!” The AFSOC/CV
statement provides a vision that AFSOTC can have a rolc in
training support personnel and one could interpret the comments
as guidance to AFSOTC to determinc how they can best train
the SOF enablers.

3-Level Maintenance Training in AFSOTC

The special operations maintainers are clearly SOF enablers and
it can therefore be argued that inclusion of initial maintenance
training under AFSOTC falls within the bounds of the AFSOTC
responsibility. If the boundaries of AFSOTC are such that
maintenance can be included. then the question remains, should
it be included? If the answer is yes, then a sight picture on how
to establish maintenance training in AFSOTC must bc
developed. The picture should include the scope of training to
be provided, allocation of resources, and the desired
organizational structure to include lines of authority.

Should 3-Level Maintenance Be Included in AFSOTC?
The short answer is “it depends.” Any change to the current
process to train 3-level maintainers in AFSOC should result in
better trained 3-levels and safe, effective. and efficient aircraft
maintenance productivity at home station and at deployed sights
around the globe. If a plan can be developed to include 3-level
top-off training in AFSOTC and the aforementioned results
attained, then the answer is a resounding Yes. If any plan to
include 3-level top-off training in AFSOTC results in a less
effective training program, or in a degradation in maintenance
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determine the scope and
scale of training.

Scope and Scale of Training

The training process needs to be dctermined with two aspects in
mind: scope and scale. First the scopc of the training necds to be
determined—specifically, which tasks the 3-levels should master
in top-off training. Once the scopc is determined, the next step is
to determine the scalc of the effort and which spccial operations
maintainers to include in the 3-level top-off training. The target
3-level maintaincrs could range from those locally assigned
(Hurlburt Field and Eglin Air Force Base [AFB]), to those
assigned statcside (includes Cannon AFB), or to AFSOC
maintainers worldwide (includes Mildenhall and Kadena). The
scale of training will be important in determining how to resource
the AFSOTC.

AMC's Level  MQTP training model provides a sound. proven
plan for scoping the tasks for 3-level top-off training. Thc tasks
listed in AMC supplement to AFI 36-2232 include a multitude
of tasks that once mastered, would enable a 3-level to be
productivc in a maintenance organization. The tasks are more
specific than what the 3-level would have accomplished at basic
technical training, yet specific enough to give him or her proper
familiarity with the equipment they will be working on in his or
her unit. *

* Technical order familiarization

* Flight line safety, precaution, and security

* Introduction to aircraft and airframe familiarization and egress
* Inspect and operate portablc external elcctrical power unit
* Inspect and usc ground maintenance stands

* Dropped Object Prevention Program (DOPP)

* Defensive systems familiarization (on applicable aircraft)
¢ Statically ground aircraft. if applicable

* Apply or disconnect external electrical power unit

* Perform wing and tail walker duties

* Perform jacking team member dutics

* Perform refuel and defuel team membcr duties

¢ Open and close cngine cowling

* Remove and install aircraft maintenance access pancls

¢ Use aircraft interphone system
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¢ Perform aircraft marshaling procedures

* Team communications

The AMC task listing above, with the exception of DOPP
{AFSOC does not use this program) should be ineluded in the
scope of tasks assigned to the AFSOTC. The timeline for the 3-
levels to master these tasks, assuming they are in a focused,
controlled training environment is approximately 60 days. This
timeline is not problematic if the units are resoureed correctly
and if the trainees are from the local area. For expansion of
training to those outside the loeal area there are more issues to
consider.

If the scale of the student pool extends beyond the loeal area,
issues such as TDY funding, billeting, and time away from home
station become factors to consider before including them in the
scope of 3-level maintenance top-off training in AFSOTC.
Additionally, the number of 3-levels special operations
maintainers in the local area, CONUS, and OCONUS will need
to be evaluated to determine reasonable and doable elass
throughput.

If 3-level top-off training is moved to AFSOTC, the scale
should be deliberately metered, similar to the way the aviation
training scale is projected in the AFSOTC." Though metered, a
clear goal of having a standardized training program for the
command under AFSOTC is desired. Including all AFSOC 3-
levels in the AFSOTC training center will prove beneficial in
several ways. First, an all-inclusive approiuach ensures a
standardized training syllabus from which the instructors can
train. Next, a single training center will ensure a standard level
of quality and experience of trainers. Finally, an all inclusive
program under the AFSOTC will provide a single commander
that can champion the training effort. using economies of scale.
The following phased approach to include all special operations
3-level maintainers is recommended (see Table 1).

Allocation of Resources

Determining how to resource 3-level top-off training in an
organization that has no resident maintenance eapability requires
cither a lot of funds or a lot of ingenuity. Since the AFSOTC is
direeted to be resource neutral, an out-of-the-box approaeh to
resourcing must be taken. Resourees would have to include
personnel. equipment. and training deviees. Of note, AFSOC
recently purchased nine maintenance training devices and
associated cquipment for the Cannon AFB Field Training
Detachment at a cost of $19.9M.%" The cost of maintenance
training deviees could jeopardize the resource neutral
requirement. There are two key points to remember when

3-LEVEL TRAINEE TRAINING
e POOL TASKS
Phase | Local (Hurlburt Field, All AMC tasks
Eglin AFB) (except DOPP)
CONUS (Hurlburt Fid,
; All AMC tasks
Phase Il ighBr; AFB, Cannon (except DOPP)
ALL (Hurlburt Fld,
Phase Ill Eglin AFB, Cannon All AMC tasks
AFB, RAF Mildenhall, (except DOPP)
Kadena AB

Table 1. Phased Approach to Include All Special
Operations 3-Level Maintainers
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determining how to resource the AFSOTC to enable the center
to take on 3-level maintenance top-off wraining. First, the etlort
should result in better trained 3-levels. Second. there must be no
degradation in home station or deploved maintenance
productivity. Ideally, productivity at home station and deployed
locations would inerease.

Can all of this be done in a resource neutral environment? Yes
it can, but would require a cooperative total lorce mitiative. By
using the resources resident in the 919" Muaintenance Group in
concert with the | SOMXG and AFSOTC. a workable solution is
possible. With the retirement of the 919 SOW's MC-130E fleet,
it makes sense to capitalize on the speeial operations
maintenanee expertise that will be left behind.

In order for the AFSOTC to provide maintenance training, it
will need qualified maintainers to serve as training instructors
and it will need equipment and training devices to train the 3-
levels. The MC-130E maintainers in the 919 MXG are quatified
to train 3-levels on the majority of the tasks outlined in the
recommended maintenance task fisting. Some minor
familiarization training will be required to qualify the instructors
on the weapons systems variations in AFSOC. Under this
eoneept, the 919 MXG would take the lead for AFSOTC 3-level
maintenance top-off training at Duke Field. The organizational
structure for AFSOTC in Figure 2 is recommencded.

The cost of new training devices and equipment is not likely
supportable and is not necessary to train the 3-levels on the
recommended tasks. Retaining one or more of the retired MC-
130Es as ground trainers would meet the majority of the aireraft
training deviee needs while significantly reducing the costs
associated with acquiring new devices. Additionatly. reserving
some of the aerospace ground equipment owned by the 919 MXG
would provide a trainer for the majority of the ground equipment
tasks. The shortlall with regard to aircraft trainers is the lack of
specific aircralt types at Duke Field (MC-130H. CV-22, AC-
F30H/U, MC-130P). The tasks that require hands-on training on
specific aireraft are minimal and can be accomplished by
scheduling aireraft for that purpose at Hurlburt or Eglin.

In addition to capitalizing on the 919 MXG expertise for 3-
level training. there is an opportunity to enhance the marntenance
training and productivity of the AFSOC units as well. In
conjunction with the MC-130E retirement and stand up of the
AFSOTC 3-level maintenance training, it would be uselul to
embed 919 MXG maintainers in AFSOC muintenance units at
Hurlburt and Eglin. Their expertisc will be of value in training
beyond the 3-level stage and will benefit the day-to-day
productivity in the operational maintenance organizations.

Conclusion

AFSOC should incorporate 3-level aircraft maintenance top-off
training into the AFSOTC only if two important results can be
achieved. First. the 3-level training provided by AFSOTC should
be better than the current training received. Seeond. there can be
no degradation in maintenance production at home station or at
deployed locations as a result of the transfer of training
responsibility. Itis possible for AFSOTC to assume 3-level aireralt
maintenance top-off training for the entire command, and efforts
to develop a detailed roadmap should be accomplished.
Top-oft training is important to the maintenance community
throughout the Air Force. It is the process that can render new 3-
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Notes

Figure 2. Recommended Organizational Structure for AFSOTC

level maintainers productive in their organizations without
having to wait for them to complete 5-level upgrade training,
Current Air Force instruction requires each MAJCOM provide
hands-on maintenance qualification training to new 3-levels but
does not provide specific, detailed guidance. AMC has
formalized its program and developed a solid list of specific OJT
tasks for 3-level maintainers to accomplish. The special
operations maintenanee group at Hurlburt Field is testing a formal
3-level training program that may be cxportable throughout the
MAJCOM if the benefits are deemed greater than the costs.?' Of
note, aireraft maintenance organizations are not provided
manpower to accomplish top-off training—the resources come
out of hide. The high operations tempo, low manning, and
diminished experience levels in the aircraft maintenance
communities present challenges in balancing quality training
for 3-levels and sustaining safe, successful aircraft generation.

Moving responsibility for 3-level training to AFSOTC can
help the maintcnance community focus on maintenance
productivity. The AFSOTC exists to “‘let trainers train, and to let
warfighters fight.” However, as a resource neutral organization,
AFSOTC does not have excess resourees to tackle new
responsibilities. With out-of-the-box initiatives, AFSOTC can
tackle the task of leading the charge for 3-level maintenance top-
off training.

Embracing a total force initiative with the 919" MXG can
result in the resource sharing necessary to move maintenance
training to AFSOTC. The MC-130E aircraft flown by the 919
SOW are scheduled for retirement, creating an opportunity to take
advantage of potcntial exeess special opcrations maintenance
expertise and aireraft. A coopcrative arrangement should be
sccurcd with an AFRC to create a maintenance detachment at
Duke Field, Florida associated with AFSOTC. This training
detachment would utilize 919 MXG maintenance experts to
provide 3-level top-off training for all special operations
maintainers. Use of retired MC-130Es as ground trainers and
acrospace ground equipment owned by the 919 MXG would
cnable hands-on training to accomplish the majority of the
training tasks. In addition, the cooperative agreement should
include embedding maintenance experts from the 919 MXG in
the special opcerations maintenance organizations at Hurlburt
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Aircraft maintenance metrics
are important. Don’t let
anyone tell you differently!

]
Avallanla an They are critical tools to be
used by maintenance

= i managers to gauge an
Guidebooks: organization’s effectiveness
What You Need, and efficiency. In fact, they ard

When You Need It! roadmaps that let you

determine where you’ve been,
where you’re going, and how
(or if) you’re going to get
there. Use of metrics allows
you to turn off your
organizational autopilot and
actually guide your unit. But
they must be used correctly td
be effective.

This handbook is an
encyclopedia of metrics and
includes an overview to
metrics, a brief description of
things to consider when
analyzing fleet statistics, an
explanation of data that can
be used to perform analysis, a
detailed description of each
metric, a formula to calculate
the metric, and an explanation
of the metric’s importance and
relationship to other metrics.
The handbook also identifies
which metrics are leading
indicators (predictive) and
which are lagging indicators
(historical). It is also a guide
for data investigation.

Generating Transformational
Solutions Today; Shaping
the Logistics Enterprise of
the Future

Volume XXXV, Numbers 1 and 2



Manuscripts from any source—civilian

or military—are always welcome.

great idea today?

what will you do
about it?

ou’ve finished the research. You've

written the article or essay. Looking for

the right publisher? Think about the Air
Force Journal of Logistics (AFJL).

Every article published in the Air Force Journal of
Logistics is also considered for inclusion in one
of our monographs or books.

Manuscripts from any source—civilian or
military—are always welcome. Articles and
essays should be from 1,500 to 5,500 words. We
also welcome manuscripts for books,
monographs, and similar publications.

All manuscripts should be sent via e-mail to
the following address:

editor-AFJL@maxwell.af.mil

Manuscripts also can be submitted in hard copy
if e-mail is not available. They should be sent to
the following address.

Air Force Journal of Logistics

501 Ward Street

Maxwell AFB, Gunter Annex, AL
36114-3236

If you submit a manuscript in hard copy, a 3.5-
inch disk, zip disk, or compact disk containing
an electronic version of the manuscript must
accompany the hard copy.

All manuscripts must be in Microsoft Word or
WordPerfect format, and all supporting tables,
figures, graphs, or graphics must be provided in
separate files (preferably created in Microsoft
Office products). They should not be embedded
in the manuscript.

All submissions will be edited in accordance with
the Air Force Journal of Logistics Manual for Style,
First Edition and the Gregg Referenice Manual,
Ninth Edition.

address

Air Force Journal of Logistics
501 Ward Street, Maxwell AFB, Gunter Annex, AL 36114-3236

60

Air Force Journal of Logistics



We now know the dominant weapons on the battlefield are

the ones that can be mass-produced, operated by motivated

fighters, kept in action with spares and supplies, and used

in concert with other weapons. In the words of General

George S. Patton, “How easily people can fool themselves

into believing wars can be won by some wonderful invention

rather than by hard-fighting and superior leadership.”
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From First to Wurst: The Erosion and Implosion of German Technology in WWII
General Logistics Paradigm: A Study of the Logistics of Alexander, Napoleon, and Sherman
How Logistics Made Big Week Big: Eighth Air Force Bombing, 20-25 February 1944

Logistics we continue "Rewind: Readings in

Logistics.” This continuing feature presents
articles and essays previously published in an
edition of the Air Force Journal of Logistics or one
of the Journal-produced books or monographs.
The feature includes articles that encompass
three areas: historical perspectives,
contemporary thought, and studies and
analyses. Both the current and future content of
the feature were selected for two basic reasons—
to represent the diversity of ideas and to
stimulate thinking. That's what we hope you do
as you read the material. Think about
challenges. Think about the lessons history
offers. Think about why some things work and

I n this edition of the Air Force Journal of
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Murphy’s Law

others do not. Think about problems. Think about
organizations. Think about the nature of logistics.
Think about fundamental or necessary logistics
relationships. Think about the past, present, and
future.

The feature also provides a convenient source
of material for mentoring and discussing logistics
and logistics issues with new Air Force
logisticians.

All of the articles and essays for “Rewind” in this
edition were published in Thinking About
Logistics 2009, Air Force Logistics Management
Agency, Maxwell Air Force Base, Gunter Annex,
July 2009. Copies of Thinking About Logistics
2009 may be obtained free of charge from the
Journal staff.
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From First to Wurst: The Erosion and
Implosion of German Technology in

WWII

Many of the lessons from
the German experience
with technology and
management are
applicable today to the US
Air Force.
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In the Beginning

t the outset of the German buildup for World War Il. the Germans were,

arguably, the most technologieally advaneed nation in the world. Despite

the limitations in the Treaty of Versailles, they seeretly designed and built some of
the most advaneed aireraft in the world. From research into all metal aireraft, sueh as the
Junkers Ju 52,' to the Messerschmitt Me 262, the world’s first jet fighter,? the Germans were
on the technologieal front lines. Yet, in a seant 10 years, the German nation eeased to exist.
After the war, with its eountry divided in two, the teechnologieal advances were divided
among the eonquering powers. Indeed, the battles 5 years later between the Mikoyan-
Gurevich MiG 15 and the F-86 were more among German engineers than among the nations
actually at war.’ The reasons for the implosion of the German state are manifold, two of
whieh are addressed herein.

From a technologieal standpoint, many of the German designs and innovations remain
valid. They were the true innovators of some of the world’s eurrent aireraft. Indeed, the
Germans pioneered the use of wind tunnels, jet aireraft, pusher propellers. metal aireraft,
and roekets in an attempt to overwhelm their Allied adversaries. Under the guise of Operation
Paperelip, many German scientists and engineers were brought to America to work their
magie on the Ameriean industry. Despite all this talent and its potential, few of the German
designs were actually used during the war. Although their relevanee is unquestioned,
espeeially in view of eurrent Ameriean (and worldwide) aireraft, they were untapped by the
German leadership.

The German management system, especially in terms of the technologieal industry, was
a eomplex and eonvoluted bureaueratie nightmare. Their system of committees and rings,
coupled with a laek of eentralized eontrol at the top, served to undermine an economy that
was resouree-poor, in terms of both monetary and natural resourees. This mismanagement,
exacerbated by the effeets of the Combined Bomber Offensive, transformed the German
industry from one of the best to one of the worst, a system ready to implode had it not been
helped on by the Allies. Further eompounding the situation was the influenee of Adolf Hitler.
A man with a continental worldview and a penchant for doing things his way, Hitler was
more of a hindranee to industry than a help. His eonstantly changing requirements led to
costly and lengthy delays to the produetion of many aireraft. His inability to look beyond
continental Europe from a praetieal standpoint ensured the German state never had a praetieal
long-range bomber until it was too late. Indeed. the Germans ended the war with the same
fighter and bomber with which they beguan the war, with only minor modifieations and a
dwindling ability to mass-produee them.

Many of the lessons from the German experience with technology and management are
applieable today to the US Air Foree. Without a doubt, today, the United States is the
technologieal superpower of the world, yet it is plagued by many of the same problems that
the Germans faced. Many of Ameriea’s technologieal advanees seem to be done for the sake
of teehnology, rather than for an operational military need. Indeed, many of the needs of the
American military may be met, in the short term, with existing teehnology or modifieations
thereto, rather than new programs. The true transformation of the American military and its
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technology will be a departure from the stovepipes of military acquisition. in which each
Service acquires its own (often redundant) systems, to a process of standardization among
the equipment used to meet each Service’s necds. Furthermore, American military
management 1s becoming as complex as that of the Germans. Truc, Americans have much
more to worry about than the Germans; for example the whole, poorly understood realm of
space. The United States tends to solve its fack of understanding with additional bureaucracy.
which exacerbates the overall situation. Alignment under a specific. overarching unitied
command could eliminate some of the waste and ensure an interoperable, standardized force
tor the future, Indeed. if the Departinent of Defense (DoD) does not learn and heed the lessons
of the past, it is doonmied to repeat them.

This article examines the efforts and impacts of German technology. both during World
War Il and today. Furthermore. it examines the impact and folly of German management of
the technological industry and that industry s subsequent implosion. Finally. this work draws
some parallels between the World War 11 German system and the current American systenn,
Tully recognizing the difference between the totalitarian German state and the democratic
American state. Despite the glaring and obvious ditference betwcen the two, there are
similarities that could have a negative impact on America’s ability to wage war.

Technical Marvels

At the outset of World War It, the Luftwatfe was, undoubtedly. the world's supremc air force.
It had the most advanced fighter and bomber aircraft and the best trained crews. Despite this.
the Luftwatfe suffercd severe fosscs during the course ol the war, inctuding the loss of air
superionty over continental Europe, which led to the downfall of the Third Reich. lts loss
can be attributed to several factors, not the Icast of which was its inability to take advantage
of. or maintain, the technological superiority cnjoyed at the outset of hostilities. The
technological superiority was not limited to aircraft fielded during the war but includes some
interesting technical innovations that arosc during the war but not fielded by the Luftwaffe.
Many of these technical innovations are just now being exploited to their fullest potential.
Indeed, many of the technological innovations taken for granted today were first developed
in the fuctories and design laboratorics of Messerschmitt, Heinkel, Arado. Focke-Wulf,
Henschel. and Junkers. These companies—and the designers for whom they are named—
were at the forefront of technical innovation during not only their timc but also current times.
Many of their innovations—such as canards. boundary layer control. sweptwings, variable
wings, jet engines, and more—are widely used today and accepted as industry standards. By
examining Luftwaffe technological innovations, we can see a clear inspiration and
technological marvel that transeends the aircraft industry today and whose impact is just
being realized.

Wind Tunnels

One of the most enduring innovations of the Luftwaffe was its pioneering work with wind
tunnels.* These dcvices allow an aireraft, or representative model. to be tested under
conditions closcly simulating those encountered during flight. By using inexpensive scale
models ol the aircraft, the cngineers were able to determine if their design could withstand
the rigors of flight across the spectrum of the flight regime. By varying wind velocity, the
German engineers wcre able to simulate high- and low-speed Ilight regimens. Similarly, by
varying wind velocity, they could examine high and low angle-of-attack regimes. By
combining the results of these two areas of study. they could determine the robustness and
feasibility of the design in relative combat situations. The cssential information that arose
during these tests was the feasibility of the design, answering several fundamental questions:
would the wings remain attached at high speed and high angle of attack: would the aircraft
stall at low speed and high anglc of attack: what are the impacts of adding externally mounted
items to the aircralt; what would happen to the aircraft once an externally mounted device
was dropped (would it become unstable, thus unflyable): and what are the impacts on the
atrcraft center of gravity? These are fundamental questions concerning the tlight worthiness
of the aircraft that eould be ascertained without having to risk the loss of a prototypec or
pilot.

Additionally. wind tunnels allowed for the testing of new technologies to smooth the
flow of air across the wing. The Germans tested boundary arca fences, leading-edge flaps,
and boundary layer control. all in an effort to affect the flow of air across the wing surface.’
With the straight, perpendicular wing style of the day. thesc aerodynamic controls would
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ensure the flow of air across the top of the wing was as smooth as possible, thus making the
airflow faster and generating more lift. This increase in lift would generate more
maneuverability in fighters and more load capability in bombers and more range in both
types of aircraft. They tested each of these on many of their experimental designs, but the
results of this work only were beginning implementation at the end of the war.

Although the wind tunnels continued to operate throughout the war, their later years’
usage was confined to refinement of the V1 and V2 rocket designs. Their staffs were increased
in numbers, although those numbers were not used for testing; rather, they were used to
mass-produce both weapons. The wind tunnels did stop work during the war after Peenemunde
was bombed during the Combined Bomber Offensive, but this was only a brief work stoppage.
Once the wind tunnels were relocated to Kochel, they were operational again. Despite this
extraordinary testing, the German leadership was determined, by 1944, to focus all efforts
on the defense of the Reich. Thus, the tunnels were not utilized to their full potential. The
efforts of the personnel assigned to the tunnels were focused solely on one weapon system,
not toward testing new technologies or capabilities. This failure to take full advantage of
their technological capabilities is a true failure of the German leadership.® Indeed, the Germans
missed out on several opportunities to exploit fully the wind tunnels, especially in the area
of wing design. In this case, the designs were robust and innovative but were not tested by
the Germans. Many designs were not tested and developed until long after the war.

The Wings of Man

To increase range and speed, one of the most enduring German technological innovations
was the sweeping of wings. During the war, the Germans experimented with a variety of
wing sweeps and designs, many of which are prevalent today. Indeed, the most enduring
innovation of the Luftwaffe engineers was the rear sweep to a wing, which was found on
many of the experimental aircraft designed during the war period.’” Again, with an eye toward
speed and range, the rear sweptwing offers a unique way of increasing lift without increasing
weight. By canting the wing aft, the actual lifting area of the wing increased because of the
distance the air must flow over the wing. This is done without increasing the surface area of
the wing and incurring the corresponding weight penalty, resulting in an aircraft that has
greater speed, payload capacity, and range (although all three must be balanced).

The tradeoff with this, however, is limited low-speed maneuverability. The reason here
is the specific area where lift is gencrated. As with all perpendicular and rcar sweptwings,
the actual lift is generated at the wingtips due to the directioning of the laminar (air) flow
over the wings, With perpendicular wings, this lift is approximately abeam the center of
gravity on the aircraft, allowing low-speed flight and relatively high angle of attack. With
rear sweptwings, the lift is aft the center of gravity, making low-speed flight unstable, thus
dangerous. Therefore, by swecping the wings aft, they were able to gain speed, lift, payload,
and range while trading off low-speed maneuverability. The question the German engineers
faced then was how to keep these increases without sacrificing the low-speed regime. Their
answer was twofold: increasc power (without the weight penalty) and change the sweep of
the wings in flight.

One of the earliest proposals, although the Germans never flew it, was a swivel wing.
Designed by Blohm and Voss, the idea was to have a single wing that would rotate from
perpendicular to canted. depending on mission flight parameters.* This aircraft then would
be able 1o take advantage of the low-speed characteristics of a perpendicular wing as well
as the high-speed characteristics of a canted wing (less drag, more lift). This conccpt, although
viable, was not proven until the National Aeronautics and Space Administration flew an
oblique wing on the Ames AD-1 research aircraft in 1979.° Another wing technological
approach to overcome the low-speed and high-speed maneuverability tradeoff came through
the usc of variable sweptwings. Familiar today for application on the F-14 Tomcat, the
variable sweep tcchnology is designed to move both wings from a perpendicular
configuration at low specd to a rcar swept configuration at high specd for the aforementioned
reasons. A similar variation yielded the experiments into a solid dclta-wing configuration,
which consisted of a swept leading edge with a perpendicular aft edge and solid material in
between, which yielded some successes but not until long after the war ended.'?

One of the technological innovations the Germans actually flew in prototype was forward
sweptwings. In this instance, Junkers took a conventional wing and swept it forward instead
of rear. Coupled with jet engincs, this aircraft more than compensated for the low-speed
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maneuverability liability of rear sweptwing aircraft.'' By sweeping the wings forward, Junkers
changed the lift characteristics of the wing. No longer was lift generated at the wingtips. but
with forward sweptwings, lift was generated at the wing root, which was adjacent to the center
of gravity. The drawback to this design was the directioning of the wingtip vortices. In rear
sweptwing aircraft, the vorticcs generated by the wind movement across the wing (a spiraling
whirlwind) are directed across the wing and behind the aircraft causing little effect to the
handling. In the casc ol the Ju 287, thcse vortices were now directed along the wing toward
the fuselage, making high-speed or high-angle-of-attack flight dangerous. During high speed
or high angle of attack, the vortices would overcome the elasticity of the wing, causing the
wing to twist off. This difficulty was not overcomc until the American X-29 program in the
1980s. Although not currently used, forward sweptwing technology provides a short-term
capability, onc that is already proven.

All these experiments into increasing speed. range, lift, and payload werc never
incorporated into the German production. Many werc exploited after the war, however, and
remain in use today. Facing an ever-expanding war situation, Hitler issued a series of Fuehrer
directives in September 1941 that curtailed work on nonessential projects.'? Hitler's
contincntal worldview was coming into direct conllict with his strategic expansions. By
attacking Britain and later Russia, Hitler overtaxed his economic capability to conduct a
strategic two-front war.'* His economic focus switched to producing existing technologies
en masse o stem the staggering losses of his overreach. In essence, he sacrificed quality and
innovation for quantity.' This is prevalent throughout the Germans® technological
innovations.

My Grandma Wants to Fly Jets

The sccond techniquc available to the Germans for increasing the lift, speed, payload. and
range of their aircraft was to couple the rear sweptwings with jet engines. These engines
werc able to generate much more power than their propeller counterparts and could run on
alternate fuels.'” Although Messerschmitt was the first company to produce a jet aircralt, the
first to design and test-fly one was Heinkel.!* Heinkel actually began his research with the
experimcntal He 178 by coupling jet engines with a perpendicular wing as a planned proposal
for a two-engine fighter contract. This never panned out for Heinkel,'” but Messerschmitt
was able to couple the jets with a rear sweptwing design that becamc the Me 262, the world’s
first jet fighter. Alas, the Me 262 nevcr entcred full production, primarily because of an
argument between Hitler and General Adolf Galland over its specific role. Galland argued
for the Me 262 to be a purc fighter aircraft, but Hitler was interested in making it a fighter/
bomber. This led to a redesign of the Me 262 from fighter to fighter/bomber and back to
fighter toward the end of the war.™ The Me 262 did sce some action against Allied bombers,
but this was very late in the war, and it did not have much impact on the outcome of the war.
Although a successful design, the Me 262 was fraught with powerplant problems. The Jumo
004, the primary jet engine of the time, had a service life of 4-5 hours before it had to be
replaced, making the maintenance and logistics of this aircraft cumbersome."

Messcrschmitt and Heinkel were not the only ones to experiment with jet engines. Arado
had an impact on the US Navy F7U-3 Cutlass of the Korean era.” The centrifugal jet engine
devcloped by Focke-Wulf becamc the primary powerplant for the Yakovlev Yak 15, the
first Soviet jet aircraft, used during the Korean war era.*! Arado also had success with the Ar
234, the first high-altitude, jet-powered reconnaissancc airplane.?* This aircraft was the
precursor to the SR-71 Blackbird and the U-2 Dragon Lady. Although these designs had
impacts after World War 1l ended, only the Me 262 was produced in any appreciable quantity
by the Germans, and this was late in the war, after the war had been lost.

The Eyes Have It

In addition to out-of-the-box thinking on aircraft design. the Germans were also the first to
field and operatc an instrument system, both for their own airfields (a precursor to the current
instrument landing system [1LS]) and for directing their planes to a target. The first was the
Lorenz beam system for blind landing, which consisted of two transmitters locatcd on
opposite sides of the airstrip runway. Both transmitted in simplified Morse code, one solely
dots, the other solely dashes. The spacing of the dots and dashes was such that, where beams
ovcrlapped, a continuous tone was heard.”* By moving left and right until the continuous
tonc was heard, thc pilot would be aligncd directly on the airstrip center line. Thus, in
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conditions of restricted visibility, the pilots could find their airficld. The limitations of the
system were many. It did not take into account crosswinds or turbulence.” However, as
pilots became skilled in the operation of this system, they could compensate for these
difficulties and keep the continuous tone.

The other disadvantage to this was the lack of altitude information. The beams would
guide a pilot to the airstrip, but in conditions of zero visibility, they did not provide altitude.
This can be overcome by the directioning ability of the transmitters. Essentially, the overlap
portion of the beams (the area with the continuous tone) was conical. As the pilot flew toward
the airfield, the cone narrowed toward the centerline. Thus, the absence of a tone could
indicate the pilot was too high, and he could compensate accordingly. All in all, it is a risky
system, but it is better than nothing. Without this, the pilots would have to divert to another
airstrip, one not weathered in, which further added to the distance they needed to fly. This
became a significant factor during the Battle of Britain when the German fighter escorts
were flying at their maximum radii. Any additional flight time or distance could prove
disastrous.

The offensivc adaptation of the Lorenz system was known as the Knickebein system.
Designed to be a long-distance target designator for use during night bombing, the
Knickebein system consisted of two Lorenz transmitters, one that looked at the target along
the ingress line, the other at the target from the profile. The pilots, using the Lorenz system
in reverse, would fly away from the first transmitter while maintaining the steady tone in
their headphones. Once they were in range of the target, they would switeh to the frequency
of the second transmitter, while occasionally checking with the first transmitter to ensure
thcy were still on the proper vector. When the second transmitter gave them a steady tone,
they were directly over the target and could release.** A subsequent refinement of this system,
known as the X-Gerael, followed the same logie as the Knickebein system, with some
refinements. Instead of using the beam intersection to mark their target, the pilots would fly
the original beam toward the target. The second transmitter was actually a eolleetion of
transmitters, each of which would broadeast on a particular vector. Where each beam of the
second transmitter intersected the first beam, the pilots had to hack a certain distance from
the target. The X-Geraei pilots then would drop flares to literally light the way for the planes
that followed.*®

A further refinement of this technique was the Y-Geraet system. receiver and transmitter
combination, where the aireraft will fly a designated veetor and periodically retransmit a
signal from the ground transmitter. A ground rceeiver would pick up the retransmitted signal.
By calculating the phase shift, the difference in time betwecn the transmitted and received
signals, ground controllers had a picturc of whethcr or not the pilot was on veetor and could
correct their pilots accordingly.”” This type of ground control (although not the Y-Geraet
style system) is used today by the ground tactical air control squadrons.

The advantages of these systcins, despite their drawbacks, are obvious from the German
point of view. They had the ability to direct and control their aireraft as well as recover them
in less than optimal conditions. These systems also facilitated night bombing, which adds
a psychological effect to the physical effect and destruction. From the British point of view,
these systems were of import as they werc easy to overcome. Radio frequencies operated
over long distances are easy to disrupt once the transmit and rcceive frequencies arc known.
The Germans kept their systems simple. using dots and dashes on prescribed frequencies,
but the British overcame this by inspecting aircraft that had been shot down. The British
did not need to know what to listen for once they had the frequency. Using a technique
Kknown as meaconing, whereby the British flooded the various German frequencies with
extra traffic, the British wcre able to defeat the Knickebein and X-Geraer systems.™ To
overconc the Y-Geraet systems, the British merely jammed the frequency.” Despite their
limited operational life, these systems werce the predecessors to the current ILS and radar
systems, both of which allowed for night bombing. As the Combincd Bomber Offensive
demonstrated later in the war, the Allies were able to keep pressure on the German homeland
through daylight bombing by American planes and night bombing by British planes.
Without radar and ILS, these night bombings would not be possible. providing the Germans
with time to reconstitute or continue production without feeling the effects of bombing.

Subsequent Aircraft Technologies

Faced with the challenge of designing aireraft that could outperform their enemies, the
German engincers looked at ways to improve the spced. maneuverability. and altitude of
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the fighter foree. The root reason for this work was the theory that to defeat the Allied bomber
streams they would have to attaek them at their weakest point, which was from above. Thus,
they needed aircraft that eould fly at extreme altitudes. In addition to their work on jet engines.
the Germans looked at ways to improve propeller-driven aircraft. One of the technieal
solutions to this problem was fielded in their fighter force. They replaced the old radial air-
eooled and liquid-cooled engines with a high-eompression piston engine. Essentially a
sealed, self-eontained engine that was not dependent on a bladder of eoolant, this engine
allowed fighters to perform negative g or inverted mancuvers.” This gave them a signifieant
maneuvering advantage when engaging enemy formations. Additionally, this engine would
inerease the performancc envelope of the bomber fleet, allowing them to fly farther than
they eould with the radial engines. Alas, the performanee inerease in bombers was not enough
to have a significant impact on the war, but the impaet of the souped-up fighters was felt.
The Allies were able to counter this added threat: however, the Germans suceeeded. at least
initially, in almost equaling the seore with their fighters. Additionally, by examining defeated
aircraft, the Allies were able to eapitalize on German technologieal advantages.

Another engine modifieation fielded by the Germans in limited numbers was a reloeation
of the engine and propeller. Some of the German aireraft that flew as prototypes had pusher-
type propellers. Loeated at the rear of the fuselage. these pusher propellers were more efficient
in terms of fuel usage than traditional puller propetiers. The Germans were never able to
eapitalize much on pusher-propeller aircraft during the war beecause of their management
practices, but the pusher propeller is in use today on long-duration aireraft sueh as the Predator.
Although thesc were significant technologieal innovations, ones that have endured and are
still in use today, the Germans were unable to eapitalize on them beeause of their failure to
properly implement modemization and upgrade their aircraft fleet. As indieated earlier, the
German industrial eapability was stressed to maintain production of existing aireraft to eounter
the Allied mass of aireraft. This left nothing for development of new technology.

The interwar years saw the rise of Lufthansa as a eommereial airline of the Weimar republic.
Headed ostensibly by Hugo Junkers, the main workhorse of the Lufthansa eommereial tleet
was the Ju 52, an all-metal eommereial airliner. The Ju 52, pressed into service during the
war as both a eargo aircraft (people and materiel) and a limited bomber, had the capability
to earry more items than the previous wood and canvas aireraft. To offset the additional
weight, Junkers put on a third engine. This venerable aircraft saw service throughout the
war, although primarily as a eargo and troop earrier, eelipsed in the bomber role by the He
111 and Ju 88. Nevertheless, most aireraft built during the war were made of metal, thus
more robust and survivable than the previous wood and canvas design. The use of metal
aircraft also allowed German engineers to examine the possibility of pressurized eabins.”
During the war, pilots who flew above a eertain altitudc werc required to use oxygen to
counteraet the effeets of altitude. As an aireraft rises in altitude, the oxygen eoneentration in
the ambient air lessens. If an aireraft flies high enough, it can lead to oxygen depravation,
causing the pilot and erew to black out. With the advent of pressurized cabins, the aircraft
would be able to fly higher without the requisite oxygen aboard. By pressurizing the eabins,
the ambient air within the eabin maintains the same oxygen eoncentration as it would sitting
on the ground, negating altitudc sickness and oxygen depravation. Although the Germans
never fielded this, it is in wide use in all aireraft applications today.

Good ldeas, But...

Throughout World War 11, the Luftwaffe sought to maintain its technological superiority
over the Allied forees by designing eapabilities into their aircraft that would allow them to
fly higher and faster than the Allied aireraft.* This led to an “explosion of new projeet activity
unequalled in the history of aviation. an cxplosion that was fueled even further in 1944 by
the lifting of all patent proteetion.” The German aireraft industry was populated with some
of the prcmier engineers and designers of the time who were able to come up with some truly
revolutionary ideas for designing and building aircraft. The Germans were the first to design
and use jet engine aireraft, metal aireraft, instrument navigation, sweptwing technology.
and advaneed testing through wind tunnels. Some of their more radical designs, such as the
Gotha flying wing eoneept,™ would not be realized until many years after World War 11.
Indeed, many of their innovations were picked up quiekly by the Allied forces. Bower astutely
notes:
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Since 1945, the genesis of weapons by all four Allies has been dominated by the inheritance of
Germany's wartime inventions. Indeed. the Korean War can be vicwed, on the technical level, as
atrial of strength between two different teams of Germans: thosc hired by America and those hired
by the Soviet Union. The acrial dogfights between the Soviet MiG-15 and thc American F-86
Sabres—both designed by German engineers—dispelled for many their doubts about the expediency
of plundering Germany's scientific expertise.™

Thus, the Germans did not lack grand and effective technological innovation. Yet, they
were resoundingly unable to take advantage of this situation and were completely unable
to bring these revolutionary eoncepts into operation. The reasons for this are manifold, but
the ccntermost reason for their inability to exploit their technological superiority lay with
the eomplex, convoluted, and inefficient management system in place in Germany during
World War 1.

Management for Dummies

One of the most overlooked practices in the business of technologieal innovation is the
impaet of management on the overall process. Management of technology is erueial to the
successful implementation of revolutionary ideas and processes. Management needs to be
not only knowledgeable about the designs and ideas of the engineers but also receptive to
them. Management needs to provide a roadmap to what is to be accomplished. Without
clear-cut direetion, meaning a vision and goal, not miecromanagement, any technological
advance is doomed to irrelevanee. An overall strategy will provide the engineers with the
proper veetor to direet their abilitics and ideas. Furthermore, management needs to provide
clear and unambivalent boundaries to the efforts of the engineers to ensure the technological
innovations and ideas stay focused and attainable. Finally, the management structure needs
to be streamlined and simple to allow ideas to flow not only laterally but also vertically.
Binding management to a eomplex and suffocating bureaucracy will have the same effeet
on the industry as a whole.

Alas, the Luftwaffe found itself in just such a predicament during the war. It had a
eomplieated and eonvoluted approval proeess for the teehnologieal advanees forwarded,
one that was wasteful of not only resourees but also time. 1t had little strategie direetion and
no boundaries on the effort to advance technology. It also had the wrong people in charge
of the various agencies that headed up, collectively, the overall effort. The result was a host
of revolutionary innovations that would have all but guaranteed they remained
teehnologieally superior but were doomed to be merely paper tigers by the bulging
management proeess and poor leadership. These paper tigers were exploited by the Allied
powers after the war, but the Luftwaffe was unable to take advantage of them. The overall
operational result was an air foree that ended the war with the same equipment with which
it began, quality equipment at the start but obsolete in 1945 when eompared with the
cquipment of the Allies.

Who'’s in Charge?

At the eore of the management of Luftwaffe technology was Hermann Goering. As Hitler’s
duly appointed head of the Luftwaffe, he was responsible for ensuring the Luftwaffe had the
necessary tools to prosecute the war. The Luftwaffe was responsible for determining its own
requirements to ensure it eould fight. Similarly, the navy and army each had that
responsibility. While this is to be expected. what was lacking in Germany overall (and the
Luftwaffe, in particular) was centralized control. There was no one ageney in eharge of
military proeurement. Indeed. “produetion was pitifully small. The fault lies elearly with
the Technieal Offiee whose laek of initiative cannot be ignored and with the Luftwaffe
General Staff ... which failed eompletely to provide the guidanee expeeted of it.”* Thus,
there was no direetion, no vectoring of the effort to ensure the proper item was developed.
In other words, there was no one in charge.

Further eomplieating the effort was the process for placing something on contraet. The
Luftwaffe would award a produetion eontract for an aireraft based solely on its design.”
This cssentially skips the research-and-development portion of modern-day aequisitions,
with the Luftwaffe assuming the risk that the design will not work. In many eases, the
prototypes developed did not meet expectations (or requirements).” Thus, large quantities
of resourees were spent and expended for something that did not work. This is an ineredibly
ineffective way to manage a contract. Further increasing the drag on the resourees was the
number of programmatic ehanges enaeted. With the swift progress of the war and the swifter
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progress of implementing minor technological changes. the German factories and
modernization centers were hard-pressed to keep up.™

Finally, to keep the costs from escalating beyond what was already wasted. the Germans
enacted price fixing for the industry. Esscntially, a contractor could choose one of three pay
catcgories: one which they were not taxed (but had to be a low contract bid), one where they
were taxed. and one where they were taxed and some of their costs rceouped. The latter only
could be chosen with approval from the government.* In cssence, from a fiseal point of view.
German management of the contract process was a shambles. Valuable resources were wasted
by betting the design would work, and the designs were changed constantly, costing more
resources and further straining an industry that was undermined by fixing priccs to the
advantage of the government. This poor fiscal policy was further convoluted by the
complicated organizatonal structure of the German industry.

Early German industrial organizational structure was an attempt to maintain centralized
control over industry as it attempted to shift to a wartime footing. In each of the industrics
of the Third Reich was one person at the head. Directly beneath the head was a main
committee, made up of the industry leaders. Ostensibly, the function of this main committee
was to evaluate the way each of the companies in the industry did business, selcet the best
from each, and have all factorics implement these best practices. Further refining this process.
there were special committees under the main committees that dealt with specific parts of
the whole. These special committees were atso responsible for imptementing best practiecs
among their subordinate factories in an effort to incrcase standardization and efticiency and
reduce cost.*' In theory, this seems to be a sound business practice; however, management
by committce (or in this case. by many committees) was not very practical. When combined
with poor fiscal guidance and a lack of strategic direction, this system merely complicated
the problem.

Furthermore. in 1940, a system of rings was introdueed into the industry. These rings
were essentially committees but not limited to one industry. These rings were concerned
with items and 1ssues that transcended all industry. For example, the ring concerned with
the making of steel would have an impact on all committees who used steel (which was all
of them). The system that finally evolved consisted of “'4 main rings tor subcontracting and
8 main committees for the finished product.™? Each of these committees and rings had
subcommittees and subrings to them, further increasing the bulging burcaucracy. Known as
Setf-Government of Industry. this system could be elfective in the hands of a skilled manager
like Albert Speer. The armament industry under Speer became more efficient and productive®
despite the complicated system. However, under managers like Karl-Otto Saur. the opposite
happened. Indced. as Goering stated:

Saur was a man completely sold on figures. Al he wanted was a pal on the shoulder when he
managed o increase the number of aircraft from 2,000 to 2,500. Then the Luftwatfe was btamed
that we had received so and so many aircraft and where were they ™

Unfortunately, for the Luttwafte, this thinking tended to dominate the war-production
effort. The result was a gross number of aircraft (quantity), many of which were unusable or
obsolcte (quality).

Quantity Versus Quality

Onc ol the toughest challenges faced by management in a technological industry is the issue
of quantity versus quality. Both are important and must be effectively blended to have a
successful program. Unfortunately, for a country whose industry was poorly managed and
resource-constrained and faced with an cnemy with a seemingly endless supply of high-
quality equipment. the natural tendency to fight mass with mass (matching quantities)
overrode the necessity to instill some quality in the airplanes produced.*® The result was a
large number of inferior aircraft that could not have kept pace with the Allies, even it they
were numerically similar. In mortat combat. quality is olften the divide between sueeess and
failure. This was proven by the Tuskegee Airmen flying bomber escort from Italy. Although
the number of P-51s sent to escort a bomber formation did not change drastically, they still
escorted more than 200 missions without a single bomber loss. This s attributed to both the
skill of these pilots and the quality instilled in the machines they flew. Alas, the Germans
did not have the quality in their aircraft to overcome this.

By war’s ¢nd, the Germans had lost the technological superiority they owned at the
beginning. Although this can be directly attributed to their management system, this issuc
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was further exacerbated by their failure to integrate the capabilities of the captured lands
effectively. Indeed, rather than capitalizing on the capabilities of thc workers in the
conqucred lands, the Germans mcerely plundered them and brought their populations into
slave labor.* They failcd to realize and take advantage of what was available to them. The
result was a slave workforce that rescnted its masters. Ncedlcss to say. this was another cause
of their diminished quality. Finally, as the war progressed, the Germans began conscripting
just about any male with a pulsc, regardless of his civilian expertise. This led to a lack of
skilled workers, without whom quality suffered.’’ This is almost a double tap for quantity
over quality—spccifically, make the armed forces larger to counter the large force regardless
of special (or needed) skills, depriving industry of the skilled workers neccssary to instill
quality in products sent to thc armed forces.

Howevcr, equipment was not the only arca in which quality suffercd. As the war
progressed, training for pilots was cut almost in half, primarily because of the necd to have
replacements for pilots lost in combat. The result was pilots significantly lcss skilled than
earlier groups that entcred combat. Poorly trained pilots, flying inferior equipment against
a detcrmined enemy on two fronts, is a sure recipe to creatc an even greater nced for
replacement pilots. In short, the German economy and industry could not keep up with the
demands of a two-front, widcly flung war and elected the desperation strategy of throwing
everything it had into the fray. regardless of training or expertisc. The result is obvious.

Although the complicated naturc of industry organization is certainly a contributing
factor to the inability of the Germans to exact victory, the lack of management and leadership
from the top down dcfinitely compounded the problem exponentially. Without a sound
and appropriate strategy or roadmap, anything attemptcd has the distinct probability of
failure. From the beginning, the German strategy focused on Europe and a blitzkrieg stylc
of warfare. As Hitler's aspirations grew (and the war with them), the overall German strategy
failcd to takc thesc new ideas into account.

Strategizing

From the beginning, the Nazi party rosc to power in Germany undcr the guise of nationalism.
Many Germans were still upsct over the limitations imposcd by the Treaty of Versailles at
the end of World War I, in particular the clause that laid the blame for World War I and the
rcsultant carnage squarely on the Germans. Additionally, thc German pcople were adamant
about reclaiming the land annexed away from them by the Treaty of Versailles. Undoubtedly,
there were also some bad feelings about the French, who were seen as most responsible for
the War Guilt clause. Thus, there were some strong feelings of being unfairly and cruelly
treated in the aftermath of World War 1. This was exacerbated further by the inability of the
Weimar Republic to effectively fill the void left by the abdication of the Kaiser. The gencral
disgruntlement of the German people led to a ficree feeling of nationalism and a desire 10
put somcone into power who could actually do something about their situation.

Enter Adolf Hitler, arecognized and decorated World War I vetcran who had the charisma
and rhctoric to rouse the population. Simply put, he knew what to say and had a forceful
enough prescnce to ensure the pcople believed him. After his elcction to chancellor and the
death of President Paul von Hindenburg, Hitler combined the two offices into that of Fuchrer
and began to attempt to make good on his nationalism pledgcs. Realizing one of the reasons
for the German defeat in World War I was the failure to gencrate the economy to a war footing,
the Third Rcich began increasing its economic capability.** Ostensibly, this was to continue
the nationalistic regaining of indigenous German lands unfairly removed from them. This
included the German pushes into Austria; the Sudctenland; Czechoslovakia: and ultimately,
Poland. This desire to increase their lebensraum. or living space, was risky, howevcr. At any
point, the Allied powers (then Britain and France) could respond.

Hitler was emboldened during the operations prior to Poland by the lack of Allicd response
to his offensives. He assumed they would continue their policy of appeascment after the
Poland campaign, espccially after he signed a nonaggression treaty with the Soviet Union.
Allied appeasement ended with the invasion of Poland. and both Britain and Francc declared
war on Germany. Hitler was rcady for this, however, and ordcred his troops into France,
occupying, in short order, about two-thirds of France.

From hcre, things began to go south for the Rcich, despite their strong army and
technological superiority. Up to this point, every campaign engaged in by thc Germans had
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been a blitzkrieg-style campaign:* hit the enemy hard and fast to overcome their defenses
and then bring them into the Fatherland. As such, the German cconomy was geared to this
type battle. There was reconstitution time between the battles, giving the economy and
industry time to recoup the losscs. Germany’s continental focus was driving its blitzkrieg
strategy, and its economy was gearcd to this. Thus, it produced high-quality, short- and
medium-range fighters and bombers in large quantities to accommodate the blitzkrieg of
the cnemy. Since many of the battles took place within easy distance of Germany, there was
no need to delay the production of aircraft to build and stock spare parts: they would just
makc another airplanc to replace the damaged or destroyed ones.*® While this worked well
at the outset of the war, its significance grew as the German battlespace expanded greatly.
Compounding this, pilot training was limited to tactical training only,” as there was no
need to think beyond this level. Yet. with the onset of the Battle of Britain, the Germans
changed strategy, whether or not they realized it.

Strategy Shift

World War 1l might have cnded differently had Hitler elected to maintain his lebensraum
policy and restrict his actions to continental Europe. Nevertheless, he attacked Britain,
ostensibly to ensure the British stayed out of the war. From a tactical point of view. this was
a huge mistake. To attack London, his fighters (upon whom the hombers relied for protection)
had to operate at the limits of their range if they wcre to successfully return to France. In
other words, he was now fighting a strategic war with a tactical force. Hitler had arbitrarily
escalated things, a precursor of things to come.

As the war progressed, Hitler would return time and again to the eoncept of changing
things to fit his worldview du jour, with no apparent thought to the impact on either society
or industry. The most glaring example of his inconsistency concerns the Me 262, the world’s
first jet fighter. Originally designed as a fighter, Hitler ordered it changed to a fighter/bomber
against the adviee of Erhard Milch and Galland. The resultant delay to retrofit the Me 262
to a fighter/bomber ensured that, when it was ready for use as a bomber, the need was for
fighters to defend the dwindling Reich. The Me 262, again at Hitler's insistence, was re-
retrofitted back to a fighter, another delay to the program that ensured it was not introduced
into the war unti! early 1945.% The argument over the Me 262, in which Goering sided with
Mileh and Galland, marked the beginning of the end of Goering's favor with Hitler. The
result was a complete lack of Luftwaffe representation at future meetings.™

After the loss in the Battle of Britain, Germany took a pause to recoup its losses; then
Hitler made another large strategic mistakc—he attacked the Soviet Union. Once again, he
escalated the war effort to strategic levels with only a tactical industry and military. The
results were disastrous for the Reich. They severely overextended themsclves on the Eastern
Front, which cnsured their already fragile logistics support was stretched too thin.
Additionally, the demands on industry for a two-front war were too hard to bear. In short,
production could not keep up with losses, and there was almost no way to resupply the troops
because of a lack of transport aircraft.™ Finally, the German leadership scverely
underestimated the Allies” drive and dedication while simultaneously overestimating their
own ahility.*® This ill-equipped armed force with little reconstitution ability, fighting a war
that was larger than it was prepared for or capable of, with no clear written strategy and
numerous changes to the direction of the effort, would have ensured the Reich imploded.
However, the Allies were not content to take the time to allow this to happen. They decided
to help it on its way through thc Combined Bomber Offensive.

Allied Impact on German Strategy

The Combined Bomber Offcnsive was a massive push by American and British air forces to
provide continuous day and night bombardment of the German homeland. focusing on its
industrial capabilities. The American forces were responsihle for the daylight bombing, the
British for nighttime homhing. The Combined Bomber Offensive almost stopped before it
started, primarily because of a lack of fighter escorts for daylight raids. The massive formations
of B-17 aircraft were susceptible to the German fighter aireraft, and the resulting losses almost
ended this aspeet of the offensive. This changed with the introduction of the P-51, a highly
maneuverable and capable fighter with range to escort the bombers all the way to their targets.
These fighter escorts also served a second funetion, that of azriting the German fighter force—
essentially a trench-style slugfest in the air. It was extremely successful in this second role,
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removing German air superiority over continental Europe and ensuring Allied planes could
roam the European Continent with relative impunity.

The effects on the German industry are even more telling. In addition to other targets, the
Allied offensive destroyed the German transportation network, scverely limiting its ability
to operatc a dispersed industry. Furthermore, the Allies concentrated their efforts on the
critical Ruhr vallcy, which was the location of German stocks of coal.”® The coal was used
as a powcr-producing source and critical to the German war industry. The effects of these
raids werc felt throughout German society and industry as it placed severe hardship on its
already overstressed and limited supply of raw materials and transportation. Compounding
the German situation, the Allics struck many of its fuel sources. Indeed. in the after-war
interrogations, Goering admitted that fuel was a significant limiting factor to production,
especially in the production of a four-engine bomber. In discussing the He 177, Gocring
said, “I had to ground that aircraft because it consumed too much gasoline, and we just
didn’t have enough for it."’ Finally, the Allied attacks had a significant impact on the
German industry's depots and production facilities.*® The Combined Bomber Offensive was
more than a combination of American and British hombing techniques. It combined with
the Germans’ inefficient and poorly managed industry to finally break the back of thc
German war machine.

Summing Up

Throughout the war, the German statc was unable to take advantage of many of its indigenous
capabilities. Beginning with decentralized control of their procurement process and abetted
by a complicated and wasteful fiscal policy, the industry simply could not keep up with the
demands of the war. Furthermore, its organizational structure was not conducive to change.
Its system of committees and rings with all the subcomponents thcreof was an attcmpt to
increase efficiency and reduce cost through standardization of production practices. It
actually did not happen that way, as it was a system that could not grow to fit the incrcased
need. The Germans effectively proved that management by committee does not work in a
wartime situation. Compounding this further were the pcople they placed in charge. With
a few notable exceptions, the men sclected to run the industry were party lackeys who had
limited expericnce and know-how when it came to running an industry.

Strategic direction from the state leadership was completely lacking. What began as a
continental campaign to reverse the perceived unfairness of the Trcaty of Versailles rapidly
expandcd into a global strategic battle for world dominance, all with an economy that was
geared toward a blitzkrieg-style tactical engagement. German industry was never able to
recover from this continental focus, dooming the strategic efforts to failure. Furthermore,
the personal and dircct involvement of Hitler into all aspects of the war effort only served
to confuse and befuddle the national leaders. In other words, absolutely no direction was
provided to guidc the war effort. This led to numerous production delays as aircraft were
constantly fitted and refitted to meet the ever-changing requirements. Additionally, the
German leadership had two key misconceptions that may have attributed to their constant
change. First, thcy underestimated the Allies, and second, they overestimated themselves.
The added impact of the Combined Bomber Offensive served to exacerbate an already
deteriorating situation and helped ensure the 1,000-year Reich lasted a mere 12 ycars.

Forward to the Future

As the US Air Force begins its fourth major transtormation in 11 years, there arc some striking
similarities between what it currently faces and those challenges faced by World War 11
Germany. Notable among thcm is a strong sense of nationalism. No one can doubt the surge
in American patriotism since the 11 September 2001 events, and one cannot overlook the
sense of outrage and frustration at thc horrific waste of human life and American potential.
Yet, a parallel can be drawn between this and the general feelings of the average German
during the interwar period. The Germans felt a sense of outrage and frustration at not only
the loss of land but also the humiliation that accompanied the Treaty of Vcrsailles. In
hindsight, these fcelings perhaps are justified, but the results for Germany werc disastrous.
Fortunately, the American people are not following the same political trend, nor could we,
given our process for electing our officials and the constraints and restraints placed upon
them.
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Currently. there is no real centralized control over the US Armed Forces acquisition
program. As it was for the Germans in 1935, the US Armed Forces currently follow separate
stovepipes for acquisition of weapon systems. There are separate DoD programs for ballistic
missile defense among the Army, Navy, and Air Force, as well as different programs for
acquisition of unmanned aerial vehicles. The acquisition programs for the F-35 Joint Strike
Fighter follow the same path, each Service pursuing its own agenda to meet its own needs.
This was exactly the same at the beginning of the German buildup for World War 1. Each
service had its own unique requirements, and cach pursued themn independently of the other.
The result was an egregious waste of valuable and limited resources, both natural resources
and dollars. In essence, they ended up paying for essentially the same thing three times. It is
the same today with the American military. We have separate programs for the X-45 Air
Force unmanned combat aerial vehicle and the X-47 Navy unmanned combat aerial vehicle.
Both are experimental. and both operate more or less independently of the other. The end
result will be two unique systems that meet specific needs without addressing the overall
interoperability between systems. While the Germans werc not faced with each branch ol
the service creating its own flying machine, the overall competition between the Services
for constrained resources and the inability of the leadership to differentiate. much less
prioritize, among the service requirements led to incredible waste and effort.

Similarly, the US Air Force, today, faces much the same challenge as the Luftwaffe,
specifically determination of mission and needs. As the Luftwafte vacillated between a fighter
and bomber, the same struggle goes on today in the US Air Force. With the cost of cach
individual unit escalating rapidly (because of the investment in technology). what is the
priority. fighters or bombers, given that the United States really cannot afford both? Further
complicating matters is the need to build tankers and lilt aircraft. While the Lultwaffc merely
ignored this, to its detriment, this remains a central concern for Air Force officials. While not
a concern for the Luftwaffe, the American conundrum is compounded by the oft-overlooked
integration of space into the battlespace. The items placed in space are extremely expensive
and difficult to make, yet. paradoxically, are always there to aid the warfighters. As long as
these systems continue to perform, they will be overlooked largely by people who do not
understand their mission or importance until it is too late. All these compete for limited
resources, those doled out with a medicine dropper by a dubious legislative branch. This
merely compounds the larger issue facing the Air Force today, that of identity.

Transformations

Since 1992, the Air Force has undergone four major transformations. The Air Force has
evolved I'rom the Cold War hallmarks ol Strategic Air Command, Military Airlift Comimand,
Tactical Air Command, and Air Training Command to the current configuration of Air
Combat Command, Air Mobility Command, Air Education and Training Command. Air Force
Space Command, and Air Force Matericl Command. Designed to be functionally aligned.
each command was changed to be a stand-alone force capable of operating within its own
unique and nonoverlapping mission arcas. The Air Force then transformed to the
expeditionary air forces, an idea that creates ten stand-alone composite forces to handle

regional situations worldwide. In essence, the expeditionary air forces are a combination of

the functionally aligned major commands of today and the geographically aligned major
commands of yesterday. Each air expeditionary force contains strategic and tactical elements
yet draws from the respective major commands for expertise. Finally. the Air Force is
transforming to a task-force-based concept, which is essentially a subset of the expeditionary
air force designed to handle a specific contingency as it arises. All this combines to leave a
large uncertainty about the mission and function of an air force.

When asked exactly what it is the Air Foree does, the answer depends on when the question
is asked or what 1s going on in the world. In other words, there is limited identity within the
Air Force about its mission. This is exacerbated by the fact the corporate identity scems to
change with each new Chief of Staff. As Goering’s Luftwaffe provided little or no unique
identity and mission to its members. so the Air Force faces the same dilemma. The result has
been a restructuring of the Air Force from one that can fight an outmoded form of war o one
that can survive in an outimoded form of peace. American worldview, like that of the German
forces during World War [, has remained stagnant, While paying lipservice to a contingency-
based. flexible. expeditionary forcc. the Air Force remains firmly locked in the planning
and budgcting ol a Cold War, two major-theater-war mentality.
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The one issue the Department of Defensc has handled well is the creation of the unified
commands. Each command is designed to be a warfighter or a functional command with
expertise in either a particular area of responsibility or a particular function. There is no
overlap in responsibility (except for the functional commands, which operate somewhat
autonomously of the geographic commands), yet each of the unificd commands manages
to share resources and information without rcgard to which component provided it. [n many
ways, this mentality nceds to transcend the programmatic stovepiping in each of the military
branches.

The issue of technology is becoming the forcfront of American procurement and
acquisition issues. As thc Germans did in 1935, America now enjoys a technological
superiority over friend and foe alike. At the prescnt, there is no match for American
technological know-how and application. Yet. this technology is only as good as its
application. As the Germans found out, developing technology just because you can is a
poor reason to carry out a government program. While the Germans had some technological
innovations, such as jet engines and wind tunnels, many of their technological advances
were not realized until after the Reich had vanished. Indeed, developments such as the Gotha
P.60 flying wing-style fighter were not adopted until recently with the advent of the B-2
Spirit. The German programs were mismanaged from above almost from the start, including
no boundaries on where technology could go. The Amecrican problem is more geared to
including technology into simple problems, simply because it is possiblc. Many of the
acquisition programs undertaken by the Air Force fail to considcr the low technology or
already existing technology approach, often at a large pricetag for a limitcd capability.

Further complicating the picturc is the management of our acquisition programs. In most
cases, for anew systcm, it can take 10-20 years from identification of the problem to fielding
a system to defeat or answer the problem. Often, the items fielded arc ohsolete before they
enter production because of changing world needs. Granted, the Dcpartment of Defense has
not fallen into the pitfall that awaited the Germans: namely. changing existing programs to
meet evolving needs. However, the Department of Defense tends to create a ncw program to
handle a problem, which significantly compounds the ability to field forces capable of
responding in the manner in which they are nceded. Each of these programs will compete
for existing, limited funds, resulting in a compromise that answers neither the existing
problem nor the original problem. Additionally, the acquisition process is burcaucratically
robust. Very little can overcome the inertia of the albatross (the burcaucracy) surrounding
acquisition programs, and nothing gets through quickly. The Departiment of Dcfense has so
many layers of management to get through that it becomes almost a self-licking ice cream
cone when faced with an immediate and unforeseen threat. In certain rare circumstances,
this incrtia can be ovcrcome, but these are the exceptions rather than the rule.

Finally, the Amcrican worldvicw is stagnant. As the Germans could not sec beyond
continental Europe, so the Americans cannot see below the strategic layer. The Germans
could not see the forest for the trees, and America cannot see the trecs for the forest. America
still believes, despite the 11 September attacks, that it cannot be touched by a foe. Americans
believe the way to counter potential foes is to apply a strategic, precision, Icthal force. This
may be true when it is a contest betwcen nations, but in a contest between a nation and a
nonslate actor, this meets limited success. Thus, America's worldview and its Armed Forces
must be rcady for strategic and tactical wars, both conventional and unconventional.

The rcal answer lies in cstablishing a warfighting entity that is impartial with respect to
the Services’ ability to handle the acquisition and technology programs for the entire
Department of Defense. The logical choice is to place the intcgration of all military nceds
under the unified command tasked with determining the training and evaluation needs for
Joint forces, United States Joint Forces Command. With its ovcrarching view of all the unified
commands, it is in the unique position to determine what is nccessary to fight and win
America’s wars, both in terms of manpower and equipment. Furthermorg, it should be
charged with ensuring the interoperability of these programs to meet service-specific necds
with minimal changes. In this time of limited resources and increasing necds, standardization
15 required without sacrificing individual service-unique needs. Additionally, a streamlining
of the acquisition process is required 1o ensure timely answers to emerging nceds. Without
these changes, our system becomes almost as cumhersome as the World War Il German
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system, a system that can (and in the case of World War II, Germany, did) implode if left
alone long enough.
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Core values make the military what it is; without them, we cannot succeed.
They are values that instill confidence, earn lasting respect, and create
willing followers. They are the values that anchor resolve in the most difficult
situations. They are the values that buttress mental and physical courage
when we enter combat. In essence, they are the three pillars of
professionalism that provide the foundation for military leadership at every
level.

—Sheila E. Widnall, Secretary of the Air Force

I cannot trust a man to control others who cannot control himself.

—Gen Robert E. Lee, CSA

When the political and tactical constraints imposed on air use are
extensive and pervasive—and that trend seems more rather than less
likely—then gradualism may be perceived as the only option.

—Gen Joseph W, Ralston, USAF

Integrity is the fundamental premise for military service in a free society.
Without integrity, the moral pillars of our military strength, public trust,
and self-respect are lost.

—Gen Charles A. Gabriel, USAF

No form of transportation ever really dies out. Every new form is an
addition to, and not a substitution for, an old form of transportation.

—Air Marshal Viscount Hugh M. Trenchard, RAF

Not everything that is faced can be changed. But nothing can be changed
until it is faced.

—James Baldwin

Take calculated risks. That is quite different from being rash.
—Gen George S. Patton, Jr, USA

You miss 100 percent of the shots you never take.
—Wayne D. Gretzky

Your current safe boundaries were once unknown frontiers.

—Anonymous
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General Logistics Paradigm: A Study of
the Logistics of Alexander, Napoleon,
and Sherman
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concerns shaped
Alexander'’s strategy and
tactics. From the time of
his initial defeat of Darius
at Issus, through his
campaign into Egypt, and
his final defeat of Darius
at Gaugamela (also known
as the Battle of Arbela)
Alexander displayed an
acute awareness of the
logistical requirements of
his army.

78

Alexander the Great
ﬁ lexander the Great is rumored to have wept upon the conelusion of his

eonquests because there were no longer any nations to conquer. To a large

degree, it is true that at his height of powcer, Alexander was the ruler of the known
world. The tales of his conquest take on a mythical grandeur in which he is located
somewhere between a man and a god. “Alexander was in faet, a living myth, and unless we
aceept him as such we cannot begin to understand his history.™

Generalship and Military Professionalism
The almost superhuman view of Alexander is not a modcern contrivance. In fact, throughout
most of his life, Alexander was treated with godlike reverence.

Led by a god they [the Macedonian Army] faced all dangers, and it was their faith in him as a
supernatural world-hero, as much as his inborn genius for war, which made him not only the
greatest of all the Great Captains, but which distinguishes him from all and each one of them.?

This unparalleled allegiance to Alexander coupled with his genius for integrating logistics
concerns into every Tacet of his military theory, doctrine, strategy, tactics, and administration
enabled the support of a world-conquering army.

Alexander did not rise through the ranks but inherited his position from his father, Philip.
Likewise he inherited a formidable fighting foree without equal in the aneient world.
Alexander’s professional education was enviable. to say the least. He received instruction
in strategy and tactics from his father and was privately tutored by Aristotle. The negative
legaey of Philip and Aristotle’s tutelage was their ineredible hatred of the Persians, referred
to by both Philip and Aristotle as the barbarians. However, Alexander seemed to rise above
the hatred of his father and mentor and developed an attitude toward conquered peoples.,
even Persians, that was key in ensuring logistieal support across the vast empire under his
control.

Military Theory, Doctrine, Strategy, and Tactics

B. H. Liddell Hart characterized Alexander’s logistics strategy as “direct and devoid of
subtlety.”™ Moreover, to a large degree, logistics concerns shaped Alexander’s strategy and
tactics. From the time of his initial defeat of Darius at Issus, through his campaign into Egypt,
and his final defeat of Darius at Gaugamela (also known as the Battle of Arbela) Alcxander
displayed an acute awareness of the logistical requirements of his army. Alexander
considered the logistics implications of every aspect of the campaign, {from the route he
took to the allies he courted, in suceessfully moving the Macedonian army across the
relatively barren desscrts of Asia Minor.

Alexander began his move east from Macedonia, intent upon engaging the Persians at
the Graeicus River. He had an estimated 10 days’ worth of provisions for his army at
Hellespont.” Ten days' provisions were ample, given Alexander’s close proximity to ports
along the Aegean Sea and the relative friendliness of the people of that region. Upon defeating
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the Persians at the Gracicus River, Alexander then marched on Sardis. It was on his march to
Sardis that he encountered his first great logistics challenge. The direct route to Sardis was
across mountainous terrain. However, Alexander elected to take a more cireuitous route,
moving back toward the coastline rather than southward to Sardis. This move was indicative
of his exceptionaf grasp of logistics requirements and their direct influence upon the fighting
capability of his army. Had he chosen the more direct route, not only would the terrain have
slowed his advance, but the greater strain of covering mountainous terrain would have
increased the consumption of supplies by both his men and horses. In all likelihood, his
supplies would have been exhausted prior to reaching Sardis, and his army would have been
loeated in the mountainous region vice the coastal area with its ready aceess to supply ships.
Alexander repeated this strategy of attacking the enemy then quickly returning to the coastal
region for resupply throughout his campaign against the Persians. The two exceptions to
this strategy were his move on Anerya (modern day Ankara) and his expedition into Egypt.

Alexander achieved two major logistics objeetives in his capture of Sardis. Sardis was the
political and economic hub of the entire region, and by bringing it under his control and
raiding its treasury, Alexander further increased the resources he could draw. Second, the
defeat of Sardis cleared his path southward along the coast of the Aegean. He then liberated
Ephesus, Cana, Lycia, and Pamphylia. Alexander limited the Persian fleet’s ability to move
and took away their access to these ports by bringing these coastal cities under his control.
A secondary effect of controlling these cities was that Alexander deprived the enemy tleet
of a valued manpower resouree. The Persians had been recruiting heavily from this area.’
Alexander eontinued his coastal movement through Lycia and Pamphylia, While passing
through this fertile region Alexander again illustrated his ability to integrate logistics
requirements with the gamut of additional concerns facing the leader of a large force. Although
the region was fertile and presented an excellent souree of resupply for his army, he was well
aware the effeet mountainous terrain had on the consumption of supplies. Additionally. it
was now winter. He chose to grant leave to newlywed members of his armiy. This act of aftruism
was, in fact, a brilliant means of redueing the army’s consumption of stores. in addition to
significantly improving morale. Though it scems unusual to grant leave in the midst of a
campaign, Alexander was sensitive to the limits to which this region could support his army.
and he did not intend to march on until the end of winter.®

Throughout his campaign, Alexander left garrisons of forees at key locations along his
route. This practice had three major purposes: it ensured the allegiance of the city was secure,
it allowed the city to serve as a depot for the storage of supplics, and it protected his lines of
communication. In some istances, Alexander was able to send a smatl foree ahead to secure
a city’s allegiance and support. His emissaries were able to secure logistics support and
supplies, simply because the eity’s leaders desired to be in favor with Alexander.

Alexander’s army remained throughout the winter and spring in the region around
Pamphylia. He did not make his march to Ancyra untif well into summer. The reason for the
delay was purely logistical. He would be departing the coastline and heading inland. Given
his doetrine of traveling light, his army woutd quickly exhaust its supplies and be foreed to
forage. Knowing that, Alexander began his mareh in late summer to ensure crops within the
region between Pamphylia and Aneyra had an opportunity to both mature and be harvested.
the latter being performed by the residents of the region, thus sparing his army that arduous
task.’

En route to Ancyra, the Macedonian army erossed a region best described as an utter
wasteland. Given the lack of potable water in this region, Alexander made frequent use of
advance depots. He established the depots forward of the main army. with supplies from the
rear augmented with whatever else could be secured at the advanced location.

Upon securing Ancyra, Alexander suecessfully consolidated his position in Asia Minor.
He then marched to tssus and once again was foreed to rely heavily upon the advance garrisons
he had established, in addition to securing supplies from the local population en route. To
his advantage, the majority of the cities between Ancyra and Issus were quite unhappy with
their subjugation under Persian rule and viewed Alexander’s cause favorably. fssus was a
eoastal ¢ity, which enabled Alexander to move forces garrisoned in the rear on the Aegean
Sea forward. The army he had partitioned prior to his march on Ancyra was now back in full
foree at Issus. The partitioning and regrouping of his army aptly illustrates his philosophy
of carrying only what was needed and coutd be supported. This applied to not only his
supplies but also his troops.
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Upon his defeat of Darius at Issus, Alexander departed from the direct conquest of Persia.
He then turned southward through Phoenicia and eastward into Egypt. Although Phoenicia
and Egypt were under Persian control, Alexander did not face serious opposition until his
return to Asia Minor, Additionally, his logistics philosophy was consistent with his earlier
actions along the eoast of the Aegean Sea. His route in Egypt followed the coast of the
Mediterranean Sea, The majority of the cities, especially those in Egypt, viewed Alexander
as a liberator and not a conqueror and were, therefore, generous in their support of his army.

Upon his return to Asia Minor, Alexander again remained near the coast and its valuable
seaports. The citics that he passed en route from Egypt were now directly under his control
and represented an asset rather than a possible threat. His departure from the coast and march
on Arbela was made through the fertile Tigris-Euphrates Valley. Though meeting the logistics
needs of an army is no small task regardless of location, Alexander's march through the
Tigris-Euphrates Valley was not marked by any significant logistics challenges.

Alexander’s defeat of Darius at the Battle of Arbela marked the end of the Persian Empire
and Darius as their king, Key to his defeat of Darius was his approach to Darius’ main body
at an angle and the rapid encirclement of Darius” forces by Alexander’s left flank.
Alexander’s successful use of maneuver is direetly attributable to his overarching philosophy
of flexibility and mobility, a philosophy integrated into and facilitated by his logisties
practices.

Administration and Technology

One of Alexander’s logisties strengths, one for which he cannot wholly take credit, was the
organization of his arimy. “Alexander had as a legacy a model instrument—the army which
Philip developed.”™ Key to Alexander’s combat superiority and logistics prowess was his
staff. In addition to the traditional second in command, called the Secretariat, Alexander
had Keepers of the Diary, Keepers of the King’s Plans, Surveyors and Official Historians. In
addition to the more traditional staff functions, he also kept a large number of specialists
and scientists on his staff. This wealth of expertise, both operational and logistical, he kept
close at hand and without reservation solicited their counsel. Alexander’s use of his staff of
experts made his army Tormidable, not only in terms of its ability to execute combat
operations but also in terms of its ability to plan and support combat operations.

Under Philip’s direction, the Macedonian Army also underwent a significant change in
the manner in which troops and provisions were transported. Philip outlawed the use of
wagons in the Macedonian Army. This single act gave the Macedonian Army far greater
speed and flexibility than any ol their contemporaries. Philip’s philosophy was expanded
by Alexander, who limited the number of followers, civilians who tracked behind an army
providing a gamut of services. Alexander only used horses. camels, and mules because of
their greater speed and endurance over traditional pack animals such as oxen and donkeys.’
The speed and flexibility of the Macedonian Arimy proved to be its greatest asset on many
occasions.

Social, Political, and Economic Factors
Philip, through his vietory at Chaeronea, had seeured eontrol over Thebes and Athens. He
then founded the Corinthian league and, through it, unified Greece. His next and ultimate
goal was to destroy the barbarians, the Persians. His plans, however, were cut short with his
assassination. Alexander was then left with the goal of conquering the Persians and. in doing
so, laying claim to the known world. Despite his father’s outright hatred of the Persians and
the unbridled hatred of the Persians by Aristotle, his mentor, Alexander took a decidedly
different view of his enemy. Alexander. too, saw the necessity of engaging and conquering
the Persians. However, his purpose was well apart from the destruction of the barbarians.
Under Philip. Greece had been unified. “and though he might have avenged Greece upon
Persia, he [Philip] was not the man to carry the idea of homonia (unity in concord) into the
world empire of his day ... this supremely greater task was destined for his son.™" Alexander’s
philosophy was not one of revenge and destructive conquest but one of control and
ownership. When brought under Alexander’s control, either through defeat, or in many cases
by sclf-capitulation, a conquered city was lelt with a measurable level of autonomy.

His method throughout his reign was always the same. He separated civil administration
from military control. The first he handed over to the representative of the conquered people,
the second he placed in the hands of one of his chosen Macedonians."!
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Alexander’s goal was not for homonia just among Greeks but among all men, including
Persians. In addition to the obvious political benefits this poliey held, it provided substantial
military logisties benefits. Although not completely free to ehoose whether or not to lend
support to Alexander, conquered pcoples, on the whole, favored life under Alexander’s rule
to that under some other eonqueror and were generally supportive, On the oftf chanee the
carror of semiautonomous rule did not persuade the conquered people, Alexander still had
the stick of garrisoned troops left behind to oversee military affairs.

Napoleon Bonaparte

Napoleon is widcly regarded as one of the premier generals of all time. He brought about
numerous reforms in the way in whieh wars are fought and the very structure and composition
of the fighting forees engaged in combat. Napoleon embodied the idea of the professional
military leader. not gaining his position through politieal or familial eonneetions, but earning
it by distinguishing himself in eombat. Although the focus of this study is on the logistics
aspect of Napoleon's 1812 mareh upon Moseow, it first seems appropriate to recognize
Napoleon for what he was, one of the greatest military leaders of all time.

Generalship and Military Professionalism

A major drawbaek to Napoleon’s superior gencralship and professionalism during the
planning of the Russian campaign was his overpowering need to be involved in every aspect.
An even greater problem than this, however. was his tendency to make deeisions without
consulting with his kecy leaders. There is a eonsensus among the acecounts describing
Napoleon's preparation for the Russian campaign that there were severe oversights regarding
the logistie requirements of his army.

Although the planning for the Russian eampaign was performed over the span of 2 years
and showed some aspects of logistics consideration, it is elear Napoleon did not fully
understand the logistical challenges he would face.'? His misunderstanding, eoupled
with his reluetanee to share information, had an obvious impaet upon the soundness of the
logistics aspects of his plan. His reluetanee to seek the counsel of others was as much a function
of “delusion and irrationality clouding his powerful mind™ as the lack of any competent
advisor. Just prior to the invasion of Russia, “there were few men left in the imperial entourage
with sufficient integrity to speak their true minds.” and “for thc main part. Napoleon was
now surrounded by claquers and sycophants.™¥ Whether acting out of ego or necessity.
Napoleon planned the Russian eampaign. to a large extent, entirely on his own. Operating
in a vacuum led to numerous logisties problems in terms of military theory. doctrine, strategy.
tactics, administration, and technology.

Military Theory, Doctrine, Strategy, and Tactics

Throughout the planning and exeeution of the campaign into Russia, Napoleon committed
numerous errors in terms of strategie foeus and tacties, which directly affceted the ability of
his logisties system to support sustained operations. One of his greatest oversights was his
doetrinal belief he could eonduct a war on two fronts. When he began the invasion of Russia
in 1812, Napoleon's forces were still actively engaged in a peninsular war with the Spanish.
Though it is unelear as to his exact reasoning. Napoleon chose not to regard his commitment
to the war in Spain. It seems he preferrcd to have the British involved on the side of the
enemy in Spain rather than being involved in some other less eonvenient sector of Europe.
Regardless of Napoleon's exact reasoning, the net ncgative effect of the Spanish War was
the loss of 50.000 French soldiers per year and the consumption of an untold amount of the
materials of war that eould have been used in the Russian eampaign.'

Though Napoleon did show some eonsideration for logistics. he viewed these requirements
in a statie sense. He failed to factor in the possibility that the support he anticipated would
not be available. Similarly, he did not consider the possibility that the enemy he wanted to
destroy would not engage him.

Napoleon's strategy did recognize the materiel challenges to be faced by any force
marching on Moseow. The date for the start of the invasion, 23 June, was largely chosen for
logistics reasons.'”” Napoleon thought the crops in Russia would be sufficiently developed
and provide adequate forage for the thousands of horses upon whieh he relied for
transportation and as weapons of war. He also had the horses bear a larger-than-traditional
load in an attempt to ensurc an adequate supply of food for both man and beast. Unfortunately.

Volume XXXV, Numbers 1 and 2

A major drawback to
Napoleon's superior
generalship and
professionalism during the
planuning of the Russian
campaign was his
overpowering need to be
involved in every aspect.
An even greater problem
than this, however, was his
tendency to make decisions
without consulting with his
kev leaders

81




The net effect was to
distribute the
transportation and
logistics burden over an
ever-decreasing population
of beasts of burden. The
burden increased with the
onset of heavy rains, which
turned the Russian roads
into impassable bogs.
Throughout the campaign,
the ever-dwindling supply
of horses and the ever-
worsening weather
contributed to the
complete destruction of
Napoleon’s ability to
provide for his forces.

82

the addition of the extra loads increased the horses™ consumption of food, in essence negating
or worsening the effect of the additional provisions. In very short order after crossing the
Niemen River, Napoleon would see his fleet of horses cut down by a third because of an
outbreak of colie. the relative lack of edible forage (on which he was counting). and
ineredibly hot weather. The loss of those horses had a cascading effect. Men who had been
mounted were now foreed to advanee on foot, and horses were diverted from other details to
fill vacancies in horse-drawn artillery teams. The net effect was to distribute the transportation
and logistics burden over an ever-decreasing population of beasts of burden. The burden
increased with the onset of heavy rains. which turned the Russian roads into impassable
bogs. Throughout the campaign, the ever-dwindling supply of horses and the ever-worsening
weather contributed to the complete destruetion of Napoleon's ability to provide for his
forees.'

The greatest strain on Napoleon's logistics system proved to be the Russian unwillingness
to engage in battle. From the start of the campaign. the Russian forees were quite content in
withdrawing and foreing Napoleon to pursue them. To compound this, they would also
burn their own cities prior to abandoning them. Thus, the farther Napoleon marched into
Russia, the farther he marched into a virtual wasteland. The Russians rarely left behind
anything of use. Upon reaching his strategic goal of Moscow, Napoleon found it descrted
and gencrally devoid of any useful supplies. The Russians, after fighting a pitched battle
on the outskirts of the city and seeing the city would fall, simply deserted it during the
night. The net effect of Napoleon’s march on Moscow was that his army, some 250,000
strong when it erossed the Niemen, was reduced 1o 130.000 because of the lack of supplies,
disease, and Russian hit-and-run attacks on Napoleon's rear, The Russian Army, which was
outnumbercd two to one when Napoleon crossed the Niemen, was now approximately equal
in size to his army. Further, the Russian army, in spite of all its retreats, had stubbornly hung
on to its artillery and enjoyed a slight numerical advantage over Napoleon's heavy guns.
Upon reaching the strategic goal of Moscow, Napoleon was no closer to defeating the
Russians than when he began, and he was now in the midst of a vast wasteland, several
hundred miles from his stores of supplies in Warsaw.

In search of both victory and supplies to sustain his army, Napoleon marched on to Kaluga.
It was en route to Kaluga that he obtained what he so desperately wanted—battle with the
Russians. General Kutuzov made his stand at Maloyaroslavetz, a village on the road from
Moscow to Kaluga. Although Napoleon was able to remove Kutzov's forees from
Maloyaroslavetz, it came at the cost of 4,000 French troops. Worse yet. Kutuzov's forces
still controlled the road to Kaluga. It was at this point that Napoleon began his retreat from
Russia. Without losing a battle, he had lost the war.

It was now October, and 200 miles lay between Napoleon and his nearest supply depot,
Smolensk. The depot at Smolensk was established on the march across Russia from Poland.
Napoleon had charged the garrison commander to secure stores while the main body of
Napoleon’s army pressed onward to Moscow. Napoleon anticipated that upon the conelusion
of the grueling 2-week march from Maloyaroslavetz to Smolensk he would be able to halt
there and regroup. There were, however, three tragic flaws with this plan. The Russians were
now attacking Napoleon’s rear with great vigor. The garrison commander at Smolensk had
precious few supplies at the onset of establishing the depot and. being surrounded by a
virtual wasteland, had failed to secure any stores of adequate quantity. The wcather was
steadily deteriorating.

The strain on the weakened transport system was growing. All along the way, the men
were discarding the bulkier and less valuable items among their loot. Rations were limited.
Horseflesh began once more to be cooked at the evening campfires. Snow began to fall.
And on the night of 5 November, the cold came.

No longer were the retreating troops faced with merely the unpleasant chill of frost. This
was a cold that could not be held off by the upturned collars of their greatcoats. It could not
be pushed aside by stamping in the snow or by holding cupped hands against ears and
cheeks. This cold was so terrible that frozen feet. followed by frozen death, came upon men
who had done nothing more than momentarily step into the ankle-deep water of some frozen
roadside puddle on which a heavy artillery wheel, a moment before, had broken the ice.'’

Upon his arrival at Smolensk, Napoleon realized his folly. There were no adequate stores
at Smolensk, and he must keep moving. or his army would be lost. Throughout the retreat,
the Russian Army dogged Napoleon’s heels, at times separating the rear guard from his
main body and inflicting even heavier casualties. When Napoleon finally returned from the
Russian eampaign, his army. once numbering 250,000, reported 8.800 men fit for duty.
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Administration and Technology

The administrative weakness of Napoleon's army was directly attributahle to his style of
leadership. Although Napoleon's influenee had garnered great sueeess in the past, he made
the tragic flaw of assuming what worked in previous situations would work again, despite
the dramatie difference the Russian campaign represented from his previous conquests. Most
important, Napoleon's army was larger than it had ever been. and the campaign was spread
over the vast expanse of the Russian countryside.

The prohlems of time and distance were to prove too great for the eapacity of a single
mortal, even when that man was Napoleon. Napoleon's whole idea of warfare was hased
upon personal supervision ol all parts of his army."

His philosophy of direet supervision had proven diffieult for him to execute over armies
of smaller size that operated over a far more confined area. This philosophy proved impossihle
during the Russian campaign. Napoleon's inability to oversee his subordinates” preparation
and execution of his planning led to significant shortfalls in readiness and synehronization
of effort. The army’s reliance upon guidance from the highest levels led to poor preparation
and logisties support.

Technologieally, Napoleon™s army was the model of modern arms for the time. However,
technologieal superiority in this case did not ensure battlefield supertority. Specifieally,
Napoleon’s heavy guns required multiple horse tcams. The horses in turn required provistons
of their own. The only means of replenishing a lost horse was to ohtain it from another funetion
within the army. The net result. as mentioned earlicr, was the logistics hurden continually
being spread over a decreasing numher of pack animals. Furthermore, Napoleon's wagons
were well suited for the relatively passahle roads of western Europe hut were woefully
inadequate in the hoggy mire of the Russian eountryside. The comhined net effeet was a
technologically advaneed foree incapahle of getting to the battle in foree and forced to
consume itself in order to keep pursuing an enemy not eommitted to full engagement.

Social, Political, and Economic Factors

Leading up to Napoleon’s invasion of Russia, Tsar Alexander was ahle to make peace with
Turkey. sign a treaty of athanee with Great Britain, and court the lavor of Crown Prince
Bernadotte of Sweden. The eolleetive effect of this diplomatic maneuvering was that Russia
“was able to elear her hands of all outstanding commitments and proved notahly suceessful
in her search for new allies.™" Although Napoleon made similar political attempts to garner
support. the vast majority of his support was ohtained hy foree. The Russians were fighting
on their own soil, which provided many logistical advantages. Their supplies had shorter
distances to travel, and their personnel were well equipped to handle the severe weather.
Tsar Alexander eerily predicted the results of the Moscow campaign in a conversation with
Armand de Caulaineourt, then Amhassador to St Petershurg.

1f the Emperor Napoleon decides to make war, itis possible. even probable. that we shall be defeated.
assuming that we fight. But that will notimean that he can dictate peace. The Spaniards have frequently
been defeated: and they are not beaten, nor have they surrendered. Morcover, they are not so far
away from Paris as we are, and have neither our climate nor our resources (o help them. We shall
1ake no risks. We have plenty of space: and our standing army is well organized. Your Frenchman
is brave, but long sutferings and a hard climate wear down his resistance. Our chinate, our winter.,
will fight on our side.™

Logistics problems played the pivotal role in Napoleon's failed campaign into Russia.
Inadequate transportation systems. relianee upon single sources of replenishment. and
improper provisioning for extremes in elimate redueed the greatest army of the time, some
250,000 men strong, to a feeble foree of 8,800 survivors. Until his retreat. Napoleon had not
lost a hattle, hut he did lose the war.

William Tecumseh Sherman

The concept of generalship, a person’s ability to he a general, cannot be viewed simply in
terms of his conducet and influence upon his surroundings. His surroundings must also be
evaluated. The environment in which the general commands has a great deal to do with his
suecess and, in turn, will elearly influenee the overall pereeption of his generalship. An
analysis of William Tecumseh Sherman’s environment leading up to and during the march
on Atlanta provides unique insight into his gencralship and military professionatism and
how these threads of continuity both influenced and were influenced by his logisties
practices
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Generalship and Military Professionalism

Ulysses S. Grant’s appointment as Lieutenant General, Commanding the Armies of the United
States in 1864, served to solidify unity, not only in terms of command but also in sensc of
purpose. Grant was the field general under whose leadership Sherman led the armies of the
West into the heart of the Confederacy. Sherman's suceess ean, in large part, be attributed
to the autonomy with whieh he was allowed to operate. This autonomy was brought about
as mueh beeause of Grant’s trust in him as beeause of his geographie separation from Grant.
Grant, in his written direetion to Sherman, illustrates his belief in outlining what needs to
be done, not how to do it. “I do not propose to lay down for you a plan of campaign, but
simply to lay down the work it is desirable to have done, and leave you free to execute it in
your own way. !

This coneept of eentralized eontrol and deecntralized eommand was espeeially useful
given Sherman’s nature as a man of action. His conduet during the preparation for and
subsequent mareh on Atlanta is distinguished by quick and decisive aetion. His foeus was
first on the end goal, then on achieving it. In terms of logisties support, Sherman clearly
identified his logistics requirements, then obtained the nceessary means to meet them.
Sherman was not prone to mieromanagement. He simply expressed his requirements,
established a eompletion date, and then ensured adequate motivation for eompleting the
task. Anexcellent example of Sherman’s leadership style, as it specifieally relates to logisties,
was the ease in whieh a subordinate was not providing adequate transportation support.
Sherman informed the offieer that if he did not supply his army and keep it supplied “We'll
cat your mules up.” Sherman was far more forgiving of taetieal errors than errors regarding
logisties planning. He believed taetieal errors often “'stem from the enemy’s resistance and
counteraetions, whieh are the most inealeulable factors in war,” but a failure to adequately
prepare was intolerable. Sherman believed “by due foresight, preparation and initiative,
material obstacles ean always be overeome,”**

Sherman enjoyed the benefit of the best military edueation available in the United States
at the time. He was a graduate of the United States Military Academy. Despite not holding
any cadet positions of authority while at West Point, he graduated near the top of his class,
number six in the elass of 1840.>' The military education he reeeived at West Point proved
valuable beeause it provided a sound baekground upon whieh to build military command
experience and was the same baekground the majority of the military leaders of the time
had. Grant, Lee, Jackson, and numerous other Northern and Southern generals eame from
the same school of thought, West Point. The classical approach to edueation at West Point
undoubtedly exposed Sherman to the histories of great gencrals and campaigns of the past.
It is then not surprising that there are signifieant similarities between Sherman’s eampaign
into the heart of the South and Alexander’s campaign against Darius.

Military Theory, Doctrine, Strategy, and Tactics
Sherman. in his memoirs, makes two points elear regarding his planning for the campaign
on Atlanta: adequate supplies and maneuverability were key to the suceess. “The great
question of the campaign was one of supplies.” Sherman was well aware of the relative
length and vulnerability of his supply chain and took many creative steps to ensure he was
provided adequate support.

Sherman was adamant about ensuring the highest maneuverability, while still
maintaining adequate support.

I made the strictest possibie orders in refation to wagons and all species of encumbrances and
impedimenta whatever. Each officer and soldier was required to carry on his horse or person food
and elothing enough for five days.™

Sherman gave strict orders regarding the number of wagons and ambulances each regiment
was allowed in addition to banning the use of tents by his army. The ultimate goal of Sherman
was to strike a balanee between maneuver and support. Sherman required each soldier to
earry suffieient supplies for 5 days. yet he relieved units of the burden of earrying
nonessential items sueh as tents, exeess wagons, and ambulanees. Sherman’s key foeus during
the planning of the Atlanta campaign was to make his “troops as mobile as possible.”**

Sherman was well aware of the possibility of not receiving adequate support despite the
many aetions he had taken in preparation for the Atlanta campaign—the inercased buildup
of supplies at the front, eommandeering of the railroads, and striet limitations he plaeed
upon his army. Sherman bluntly informed General Grant of his anticipated course of action
should his supply system fail to support him.
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Georgia has a million of inhabitanus. If they live. we should not starve. If the enemy interrupt our
communications, 1 will be absolved from all obligations to subsist on our own resources and will
be perfectly justified in taking whatever and wherever we can find.”’

Sherman’s strategy and tacties in terms of logisties were then clear: a highly mobile force
that would rely upon significant logistics support from the rear: whenever this support was
interrupted. whatever was required would be taken from the local inhabitants. The plan of
taking what was required from the local poputation further supported Sherman’s overarching
doetrine of bringing the horror of war to the people of the South.

From the onsct of the campaign into Atlanta, Sherman’s strategy emphasized maneuver
and focused on logistics. Specifically, Sherman’s desire was to feign an attack on the
Confederate forees at Dalton while engaging in a rear action to bar the retreat of the
Confederate forces farther south to Resaca. If the Confederate forces were allowed to retreat
south to Resaca, Sherman not only would face the burden of being farther from his main
supply depot but also be driving the Confederates closer to theirs.

Unfortunately for Sherman, his plans for a rear action were not eompletely carried out.
Due to a lack of initiative on the part of one of his subordinate commanders. Sherman’s army
failed to attack the rear decisively, and Sherman’s attempt to execute a rear aetion failed to
reach complete fruition. However, Sherman’s actions did have both a negative and positive
result. The Confederate forces were drawn away from their fortified position in Dalton to a
far less favorable position with their retreat through Resaca across the Oostenaula River.

It was nevertheless a briffiant achievement to have mancuvered so renowned a masier of defense
|General Johnston, Confederate commander at Dalton] out of two strong positions against his will
and his orders.”

The negative result of the Confederate retreat was that Sherman had missed a golden
opportunity to trap Johnston's army and attack it from the rear. “Sherman had a fengthening
line of communication [and supply], Johnston a shortening and less exposed one.”™!

Throughout the remainder of Sherman’s march to Atlanta, he wits able to effectively employ
maneuver to foree Johnston backward while continually supplying his troops from the rear.
Essential in the resupply effort was a trailing echeton of 2,000 troops under the eommand of
Colonel Wright, u eivil engineer. whose expertise in the repair of enemy-damaged railways
enabled virtually uninterrupted resupply to the forward lines beyond Resaca. “Time after
time. Shermun’s greater army outflanked Johnston's lesser forces, compelling their
withdrawal.™" Sherman eventually won the Battte of Atfanta and captured the city.

Administration and Technology

The Civil War arguably was the first modern war, especially when considening war in terms
of the American experience. The North, in particular, was a highly industrialized region
capabte of producing a varicty of both durable and consumer goods. One key necessity of
industrialization is the need for rapid, reliable transportation. in the late 1860s. the railroad
developed as an indispensable mode of transportation for both military and civil concerns.
Sherman, well aware of its importance, made the acquisition and muintenance of raif
transportation, while denying it to the cnemy, a priority.*

Chattanooga, the starting point for Sherman’s advanee on Atlanta, luy 151 miles from his
supply depot at Nashville. which in turn was 185 miles from his main source of supply in
Louisville. Given the significant length of Sherman’s lines of supply. it was of paramount
importance that he secure adequate transportation for supplies and reserves. His first step in
ensuring a reliable line of supply was to acquire supreme control of the railroads. Previously.
the raitroads had been controlied by “the departmental commanders. with consequent friction
and uneven distribution of supplies.”™ Sherman. much like Grant had done for the entire
Union Army. unified his control over this c¢ritical resource. Sherman then decentralized
execution while maintaining overall control. His philosophy of overarching control and
decentratized exceution of railroad operations resulted in two largely beneficial effects. He
was able to oversee the flow of supplies to the front without directly involving himself in
the ins and outs of rail operation, and he eliminated the bickering and supply imbatance
between subordinate commands. A seeondary effect of Sherman’s control of the ruilroads
was his ability to weigh in with the authority of his office should any problems arise.

He further ensured the uvailability and proper use of railroads by banning civil traffic.
Still not satisfied, despite the fact his daily defivery of stores to the Iront had doubled,
Sherman directed that cars and locomotives from other loeations be diverted to the
Chattanooga line. The decision to ban civil traffic and commandeer additional cars was not
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an attempt to simply bring a valuable resource direetly under his control. He had a clear
level of support in terms of rail shipments, 130 ten-ton car loads per day, he felt must be met,
and taking control of the railroads seemed the logical way to do it.™

Sherman also displayed his penchant for centralized control and decentralized execution
in both his mode of operation and his army’s organization. An exeellent illustration was the
composition of his staff. His staff ineluded functional experts in artillery, engineering,
ordnance, logistics (actually ealled Chief Quartermaster and Commissary) and medicine. In
addition to the functional representatives, Sherman’s staff had threc inspectors general
and three aides-de-camp. Conspicuously absent from his staff was the administrative
funetion. He advocatcd that clerical work in the field be kept to a minimum and used
permanent clerical offices in the rear for daily correspondence. The composition of his staff
facilitated the scheme of centralized control by using the staff in a controlling capacity
while still leaving the execution to the lower echelons.

Social, Political, and Economic Factors

The political motives behind Sherman’s campaign were clear: to bring the war and all its
horror to the heartland of the South. “Sherman was cager to teach the people ol the South a
lesson in the horrors of war, believing that a harsh war would ensure a lasting peace.”™
Sherman further believed he was justified in his laying claim to any and all stores before
him, shaking off the “old West Point notion that pillage was a capital crime.”™

Analysis

Though it can be maintained that the two largely successful campaigns of Alexander and
Sherman had many similarities among policies and praetices, it cannot further be assumed
that there then exists some exacting set of rules or practices shared by the two that will
always guarantee sueeess if employed. This study does not attempt to develop a listing of
the key logistics principles that will guarantee success but, rather, establishes a logisties
paradigm intended to be a guide or a starting point from whieh eurrent and future military
leaders can develop their own policies and practices. By analyzing the commonalities among
successful campaigns and integrating those with the lessons learned from not-so-sueeessful
campaigns, a logistics paradigm is developed that is based upon practices proven to be
valid in antiquity, whieh forms a starting point from whieh leaders can tailor their own
practiees to fit their speeifie situations. The campaigns of Alexander and Sherman illustrate
the good logistics practices, while Napoleon's campaign into Russia provides the lessons
learned. The framework for analyzing the commonalities and lessons learned is based upon
the threads of continuity approach.

Generalship and Military Professionalism

In terms of formal military education and background, backgrounds of Alexander and
Sherman are dramatically different than that of Napoleon. The former represent the aristocratie
general, while the latter represents the journeyman solider. In no way does that mean
Napoleon was a lesser general. He is arguably one of the greatest generals of all time. What
is meant by the distinction between aristocratic and journeyman is that both Alexander and
Sherman were taught to be generals and leaders of men, while Napoleon was first taught to
be a soldier and, through aptitude and hard work, rose to his position as general. Both Sherman
and Alexander received superior education and military training compared to their
contemporaries. Alexander’s private tutor was Aristotle, and he was taught by his father,
Philip, from an early age how to be a general. Sherman attended the United States Military
Academy and was comnuissioned as a second lieutcnant, with the focus ol the United States
Military Academy on teaching men to be leaders and, ultimately, generals. Napoleon, though
a graduate of I'Ecole Militaire, did not have the formal military education of Sherman.
L."Ecole Militaire during Napoleon's time was not “particularly distinguished for the attention
it paid to the proper preparation of its young aspirants for commissions.™" Similarly, given
Napoleon's middle-elass upbringing, he was not afforded the tutelage of a great thinker,
and his father was not a great general.

Though no direct eorrelation ean be made about the military education received by
Alexander, Napoleon, and Sherman and their general logisties praetices during the campaigns
under study, their backgrounds provide insight into the disposition and eharaeter of these
generals, It ean clearly be seen that by working his way up from his middle-elass beginning
through the ranks as a junior artillery officer, Napolcon developed a significant sense of
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self-relianee and, as was the ease during the planning for the invasion of Russia, a need to be
involved in every aspeet of the operation down to the minutiae. Conversely, both Sherman
and Alexander eonsistently maintained supervisory oversight of their armies while leaving
the preeise execution of daily opcrations to their funetional experts.

Military Theory, Doctrine, Strategy, and Tactics

Military theory, doetrine, strategy. and tactics, for the purpose of this analysis, are foeused
at the operational level and ean be viewed in general terms as to how eaeh general eonducted
the campaign. Each of the three eampaigns represents dramatie differenees in how the eonduet
of war influenees or is influeneed hy logistics. Alexander’s eonduet of his eampaign was
greatly influeneed by logisties coneerns, Napoleon’s logisties practices were greatly
influeneed by how he intended to eonduet his eampaign. Unfortunately for Napoleon, how
he thought he was going to conduct the eampaign was not how he ended up eondueting it,
and his logisties system proved horribly inadequate. Sherman’s eonduet of his campaign
was influeneed by logisties concerns and influeneed his logisties praetiees.

Alexander’s foremost eoncern was the adequate provisioning of his army, as is ¢vident in
his route through Asia Minor. Though the defeat of the Persians was the ultimate military
goal of his eonquest up to the Battle of Arbela. clearly that eould not be aceomplished without
first addressing the logisties needs of his army. Throughout his campaign, Alexander
employed three main techniques to ensure adequate provisioning. First, he stayed as close
to the eoast as possible. His proximity to the coast facilitated casy aeeess 1o his fleet of supply
ships while denying port access to his encmy. Second, he modified the size of his army
(flexihle sizing) to suit the environment he was facing. An excellent example of this was
when Alexander, faced with the onset of winter after passing through the region around
Pamphylia, granted leave for all newlywed members of his army. The granting of leave greatly
decreascd the number of troops he had to supply and undoubtedly had the additional benefit
of increasing morale. Finally, when he marehed inland, he took great pains to ensure advanee
logisties support. He sent military envoys ahead with the eharter to inform local offieials of
his approaeh. The message was clear: surrender yourselves and your property or be destroyed.
As was often the casc, support was granted without the use of foree.

Napoleon's hubris was that he failed to fully understand the environment in which he
was to conduct war and, therefore, developed a logistics system that was woefully mismatched
for that environment. The most popular example was the inadequacy of Napoleon’s wagons
to effeetively negotiate the rough Russian countryside. However, a closer examination
indieates the problem was just as mueh about what he earried and how he earried it as what
it was earried in.

Though Napoleon had planned the start of the invasion to eoincide with the harvest in
western Russia, the availability of erops proved inadequate to support the thousands of horses
he relied upon for transportation and as weapons of war. The lack of fodder, eombined with
an outbreak of eolic, deeimated his fleet of horses and had the easeading effect of spreading
the hurden over an ever-deereasing number of horses, whieh in turn increased their
eonsumption of supplies. Worse yet, as the number of horses deereased. horses had to be
shifted from paek details to pulling artillery. The shortage of pack horses meant more was
heing earried by men, inereasing their eonsumption and redueing their mobility.

Napoleon’s greatest misunderstanding was how the Russians would respond to his
advanee. The Russian willingness to trade land for time proved to be Napolecon’s undoing.
As Napoleon pressed farther and farther into Russia. he traveled farther and farther away
from his main supply reserves in Poland and farther into a vast wasteland. The Russians laid
waste to anything of logistieal value prior to retreating, leaving Napoleon with little to draw
upon from the local population. The Russian scorched earth taetie, aceompanied by eonstant
attacks on Napoleon's lines of supply, deprived Napoleon of even the slightest relief. By
the time Napoleon was able to engage the enemy faee-to-face. his 2-to-1 superiority in
numbers had vanished. With the onset of winter, he realized the war was lost, and in his
desperatc mareh baek to Poland. he lost the bulk of his remaining troops.

Napoleon began the eampaign with the anticipation of relying upon the availahle erops
within the area to augment the provisions his army earried with them. Additionally, he
intended to bring his superior numbers and firepower to bear against an enemy in an arimy-
to-army confrontation for the control of the eapital. Unfortunately, what he eneountered
was something far different. Had events gone as Napoleon expeceted. it eould be argued that
he well may have won in Russia. However, Napoleon's logisties plan and praetiees proved
woefully inadequate in the end.
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Sherman’s logistics policies and praetices influenced and were inlluenced by how he
condueted his campaign. Sherman was well aware of the logistics strain and the vulnerability
of his lines of supply as he advanced toward Atlanta. He took unusual mcasures to bolster
his lines of supply. From the planning stages through the execution of the campaign, he
maintained control of the railways. He diverted locomotives from other locations and
aggressively repaired battle-damaged rail lines. His route southward followed the main rail
line from Chattanooga to Atlanta. Clearly, in this instance, his eonduct of war was influenced
by logistics.

Sherman is noted for the destruection that he brought to the heart of the South. The
destruction he inflicted was neither solely the result of pillaging for supplies nor the result
of pure maliec and wanton destruction but a combination of both. Sherman was clear from
the onset of the campaign that one of his motives was to bring the war to the people of the
South. He also eonsidered himself completely justified in obtaining whatever he required
from the local population. He belicved if the Confederatc forees impeded the flow of supplies
to the Iront he was then perfectly justified in acquiring the supplies he needed from the
local population. Whether it be the ease that the Confederate forces significantly affected
Sherman’s supply lines or that he simply needed more supplies than he could provide for
himsclf, before the onset of the eampaign, he elearly cstablished his intention to take what
was needed from the local population. Sherman allowed his desire to bring the horror of the
war to the people of the South, a key element in how he was to conduct this eampaign. to
influence his logistics practices.

Sherman and Alexander shared one kcy factor in their conduct of war: the logistics
requirements they placed upon individuals during the planning stages of their respectivc
campaigns. Both gave specific instructions aimed at lightening the load of individuals and
individual units under their commands. Interestingly, both Alcxander and Sherman
prohibited the use of tents. Alexander built upon Philip’s requirements and minimized
followers, while Sherman limited the numbcr of wagons available to individual units. The
ultimate end goal was to increase individual and unit mobility by limiting to the barc
essentials what was carricd. This is not to say that Napoleon did not take measures to increase
mobility and in tumn increase the army’s ability to maneuver, but in the ease of Alexander
and Sherman, maneuver proved to be the deciding factor in the defcat of their encmy. Sherman
was able 10 outflank Johnston’s forees, and Alexander was able to attack Darius’ forces at an
angle and encircle them. Both vietories resulted from the successful use of mancuver, which
was dircetly attributablc to their armies’ ability to move quickly, a concept integrated into
and facilitated by their logisties policies.

Administration and Technology

A key attribute shared by both Alexander’s and Sherman’s success. which proved to be a
contributing faetor to Napolcon's lailure, was the usc of their staffs. Both Alexander and
Sherman had experienced and trusted military advisors to advise them on a multitude of
functional areas. Though Napoleon also had a staff, his, to a large degree, was made up of
claguers and svcophants.® 1t is unelear if the lack of sound advisors resulted in Napoleon’s
tendency to micromanage or if his management style made a stafl position an overly
unattractive billet for anyone cxcept a sycophant. Regardless of the cause Tor his less than
competent staff, its lack of competence left Napoleon with little ehoice but to rcly upon his
personal involvement in all aspeets of the operation of his army.

As discussed earlier, both Sherman and Alexander, to a large degree, dictated what was
to be done but not how to do it. Such a philosophy is an exccllent indicator of a high level
of trust and respect for one’s subordinates and indicates a capablc and competent stalf.

Each of the three armics represented the most technologically advanced fighting forces
of their time. They differ, however, in how they adapted their technology to [it the situation
at hand. Napoleon had state-ol-the-art weaponry, espceially artillery, yet he was unable to
use it effectively because he could not transport it cffcctively. The wagons carrying his
artillery were well suited for the well-maintained roads of Western Europe but were woefully
inadequate in the impassable bogs of the Russian countryside. Alexandcr, on the other hand,
purposefully did not usc traditional pack animals, sueh as oxen and donkeys. but opted for
animals with better endurance and speed, such as horscs and eamels. Alexander adapted his
transportation technology to suit the situation. Sherman took complcte control of the railways
and cnsured he had a viable repair activity prior to the start of the Atlanta campaign. He
exploited available technology 1o his advantage while denying the enemy access to it.
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Sunilarly, Alexander made great use of naval resupply and. in doing so. denied the encmy
similar access since he controlled the ports. Alexander’s and Sherman’s ability to adapt and
apply logistics technology. specifically transportation technology, rather than their absolute
technological superiority, proved valuable in the success of their campaigns.

Social, Political, and Economic Factors

To analyze the eflect of social, political, and economic factors, this study examines the
interaction betwceen the campaign forces and the indigenous peoples and local environment.
Although each of the three campaigning forces interacted differently with local inhabitants.
there is one common aspect that defined the interaction. In the case of the suceessful
campaigns, the commander understood the environment he was to operate in. to include not
only the tangible factors such as terrain but also the intangible factors such as the resolve
and attitude of the people he intended to conquer.

As discussed previously, Napoleon's failure to comprchend Russian resolve and
willingness to sacrifice land for time was key in his defeat. In his statement to Armand de
Caulaincourt, Tsar Alexander was quite clear about the Russian willingness to use the vastness
of their frontier and the severity of their climate as key aspects in their defense. Apparently
Napoleon failed to regard these comments or simply thought that even if the Russians did
employ these tactics they would be of little impact. Napoleon was also willing to begin his
offensive against Russia while still engaged in a war with Spain. He neglected to realize that
a fundamental building block to alliances is a common enemy. Unfortunately for Napolcon,
the fact that France was engaged in two wars made France far less attractive to any new
prospective allies than Russia, who had settled all her other disputes. The net result was
Russia was able to form alliances with Great Britain and Sweden and make peace with Turkey.
Napoleon failed not only to comprehend the impact of the physical environment upon his
logistics plan but also to recognize the political cnvironment’s effect upon his logisties plan.
Russia had gained new allies and made peace with former enemies, which allowed her to
focus on the entire military logistics capability toward a single foe. Unlike his Russian enemy,
Napoleon was now actively engaged in fighting a war on two fronts, with the bulk of his
allies being lormer conquered peoples whose support was tenuous at best.

Sherman understood well the environment he was to encounter during his campaign. One
of his specific goals was to change the environment of the enemy citizens he encountered.
Atlanta and the surrounding region represented a wealthy and pristine area of the South,
particularly in terms of its exposure to the destruction of the Civil War. Sherman conducted
his campaign “aimed at defeating the South psychologically as well as militarily.”™ He was
dramatically suecessful in both aspects. Sherman not only successfully completed his
campaign to capture Atlanta but also left a lasting mark on the consciousncss of the enemy
population he encountered. Sherman clearly understood his environment and made affecting
that environment a key factor in his campaign.

Alexander, too, was well aware of the environment he was to encounter. He, however.
took a decidedly different approach than Sherman. Alexander allowed the conquered people
to retain some measure of autonomy with regard to their own civil affairs. Additionally, the
people he encountered often surrendered to Alexander without a light and in some instances
viewed him as a liberator from the oppressive rule of the Persians. The conquered peoples’
view of Alexander is in stark contrast to how Napoleon and Sherman werce viewed during
their respective campaigns. Alexander’s goal. too. was different from that of Napoleon or
Sherman. Where Sherman explicitly wanted to make war on the people of the South and
Napolcon wanted to conquer the people of Russta, Alexander, to a large extent, wanted to
unify, under his rule, the people he conquered. This distinction between conquering and
unification on the surface may seem subtle, but examination ol how conquered people were
treated by the two gencrals illustrates the dramatic dilference between the two concepts.
Alexander retained military control but, to a large extent, left the civilian population to
continue their lives as they had done before. Napoleon. in contrast. retained control through
the establishment of some puppet civil and military leadership. The net result was those
under Alexander’s rule, to a large extent, were unaffceted by the shift in power. whereas
former cnemies under Napoleon's control were much the worse for the shilt in power, Clearly,
Alexander realized that if he was to accomplish his goal of homonia he would have to ensure
the cventual and lasting support of the people. Homonia could not effectively be
accomplished at the point of a spear. By understanding and integrating the political and
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Althongh each of the three
campaigning forces
interacted differently with
local inhabitants, there is
one common aspect that
defined the interaction. In
the case of the successful
campaigns, the
commander understood
the environment he was to
operate in, to include not
only the tangible factors
such as terrain but also
the intangible factors such
as the resolve and attitude
of the people he intended
1o conguer.
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The conquered peoples’
view of Alexander is in
stark contrast to how
Napoleon and Sherman
were viewed during their
respective campaigns.

90

social environment of the people he eonquered, Alexander obtained their support, a factor
that played a major role in his logistics practices during the campaign to dcfeat Darius.

Conclusions

The eonclusions sct forth in this artiele result from an examination of the events surrounding
the campaigns examined and an analysis of the commonalties among successful campaigns
and Icssons learned from the not-so-succcssful one. The logistics paradigm resulting from
this analysis has four key prineiples. Each principle of logistics put forth by the analysis
relies upon the use of demonstration by “revealing a necessary connection between thc
defining properties of the object being eompared.™? Key to the validity of the logisties
principles, and in turn the entire paradigm, is the underlying assumptions specifically
outlined with the explanation of the prineiples. The assumptions form the framework in
which the application of the principles apply as per the demonstration. !

It can easily be seen the four principles of logistics offered by this article are not entirely
new to anyonc familiar with the study of war. In fact, in some form or another. each of these
principles appears in several prominent historians’ statements of principles of war and
logistics. However, the method with which these principles can be applied distinguishes
them from previous theory. The difference betwecn the prineiples put forth in this article
and other theories will be discussed. but the principles themselves must first he described.

Centralized Control, Decentralized Execution

As deseribed earlier, both Alcxander and Sherman made extensive usc of staffs of functional
experts. Conversely, Napoleon, though possessing a staff of his own. tendcd to be involved
down to the lowest operational levels. The logistics challenges Napoleon faced would prove
too great for any one man to handle, even if that man was Napoleon.*> Sherman and
Alexander allowed their functional experts to manage the daily operations of their specific
arca of responsihility, and both generals weighed in with the authority of their officc only
when needed. Their management philosophies allowed them to focus on the overall
management of their armies, while still staying elose to the daily operations managed by
their staffs.

Although these campaigns involved large armies and the necessity for centralized
command and deeentralized exeeution seems well founded. there is just as much applicability
of this concept for smaller sized, more modern military units. Given the assumption that
logisties concerns are a function of the complexity of<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>